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FIFTEENTH   ANNUAL    REPORT. 


TO  THE  BIGHT  HONOURABLE 

LORD  BALFOUR  of  BURLEIGH, 

Her  Mafesty'B  Secretary  for  Scotland. 


Officb  op  Thb  Fishbbt  Boabd 

fob  sootland, 
£dikbuboh,  l8t  April  1897. 


Mt  Lord, 

In  continuation  of  our  Fifteenth  Annual  Beport, 
we  have  the  honour  to  submit — 


PART  IL— EEPORT  ON  SALMON  FISHERIES. 

The  fishing  season  of  1896,  judged  by  the  number  of  boxes  of 
salmon  sent  to  Billingsgate,  was  up  to  the  average  of  recent  ye^ra 
The  number  sent  to  Billingsgate  was  22,435,  or  about  4  per  cent. 
lower  than  the  average  of  t£e  previous  sixty-two  yearp,  and  over 
1^  per  cent  higher  than  the  average  of  the  previous  ten  years,  io 
the  following  Table  will  be  found  the  numbers  sent  in  each  year 
flince  1834— each  box  weighing  about  1  cwt : — 
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Table  of  Bozea 

of  Scotch 

Year. 

Boxes  of  Salmon. 

Year. 

Boxes  of  Salmon. 

to  Billingsgate 

from  1884  to 

1«96  inclusive. 

1834 

30,650 

1866 

21,726 

1835 

42,330 

1867 

23,006 

1836 

24,570 

1868 

28,020 

1837 

32,300 

1869 

20,474 

1838 

21,400 

1870 

20,648 

1839 

16,340 

1871 

23,390 

1840 

15,160 

1872 

24,404 

1841 

28,500 

1873 

30,181 

1842 

39,417 

1874 

32,180 

1843 

30,300 

1875 

20,375 

1844 

28,178 

1876 

34,655 

1845 

31,062 

1877 

28,189 

1846 

26,510 

1878 

26,465 

1847 

20,112 

1879 

13,929 

1848 

22,525 

1880 

17,457 

1849 

23,690 

1881 

23,905 

1850 

13,940 

1882 

22,968 

1851 

11,593 

1883 

35,506 

1852 

13,044 

1884 

27,219 

1853 

19,485 

1885 

30,362 

1854 

23,194 

1886 

23,407 

1855 

18,197 

1887 

26,907 

1856 

15,438 

1888 

22,857 

1857 

18,654 

1889 

21,101 

1858 

21,564 

1890 

18,931 

'1859 

15,823 

1891 

25,889 

1860 

15,870 

1892 

21,919 

1861 

12,337 

1893 

18,903 

1862 

22,796 

1894 

15,489 

1863 

24,297 

1895 

25,364 

1864 

22,603 

1896 

22,435 

1865 

19,009 

Table  of  Boxes  The  Fishmongers'  Company  have  been  kind  enough,  as  heretofore, 
o^Saijnon  sent  to  fumish  information  for  each  month  from  February  to  September 
in eachmonth  inclusive  regarding  the  number  of  boxes  of  salmon  received  at 
from  1884  to  Billingsgate  and  the  average  price  per  lb.  obtained.  From  this 
1896  inclusive,  information  the  following  Table  has  been  compiled : — 


Month. 

1884. 

1886. 

1886. 

1887. 

1888. 

1889. 

1890. 

1891. 

1892. 

1893. 

1894. 

1896. 

Average  of 
10  years 
1884-93. 

Hi! 
3l|| 

February,  . 
March  .    . 

i^-  :  : 

Jane,     .    . 
July      .    . 
August,     . 
September, 

1,886 
1,402 
1,978 
8,162 
8,821 
8,766 
6,070 
601 

879 
1,116 
1,886 
2,267 
8,863 
10,682 
9,161 
628 

841 
1,008 
1,744 
2^485 
2,896 
8,046 
6,777 

611 

717 
797 
1,466 
2,432 
8,631 
9,644 
7,794 
636 

636 
899 
1,096 
2,603 
3,953 
7,943 
6,474 
866 

691 
1,006 
1,162 
1,859 
3,827 
7,414 
4,826 

826 

612 

902 

952 

1,844 

3;i27 

7,148 

4,036 

311 

934 
1,116 
1,408 
2,591 
4,140 
8,007 
7,028 

670 

1,078 
1,688 
1,667 
2.126 
2.438 
6,259 
6,064 
610 

557 

773 

846 

1,997 

3,802 

6,78H 

4,722 

421 

327 

692 

887 

1,745 

3.078 

4,464 

1  3,968 

I     328 

400 
1,207 
1,160 
2.667 
4,611 
9,066 
6,694 

659 

8221  818 
1,385  1,071 
1,580  1,U16 
2,376  S,SS5 
3,695  S,6W 
7,460  7,91^ 
4,477    6,09U 

760       6S6 

«.        d. 

1  2i 

0  10 

oiH 

2  0 

i.  d, 

I    7 
1    7 

IS* 

Total,    . 

*r,219 

80,862 

28,407 

26,907 

22,869 

21,101 

18,981 

26,889 

21,919 

18,908  16,489 

26,864 

22,436  i3,7k9 

... 

... 

It  will  be  observed  from  this  Table  that  the  only  month  in  which 
the  quantity  of  fish  sent  to  Billingsgate  was  materially  below  the 
corresponding  monthly  average  of  the  years  1884-98  was  the  month 
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of  August.  It  it  is  estimated  that  each  box  contains  1  cwt  of 
salmon,  the  value  of  the  Scottish  aahnon  delivered  at  Billingsgate 
in  1896  was  £155,454,  128,,  or  on  an  average  £6,  18s.  7d.  per  cwt 
The  value  of  that  delivered  in  1895  was  £163,513,  2s.  4d.,  or  on  an 
average  £6  8s.  ll^d.  per  cwt. 

We  are  indebted  to  the  Scottish  railway  companies  and  steum-  Boxm  of 
ship  owiiers  for  information  regarding  the  weight  of  the  boxes  of  ^^^^ 
salmon  forwarded  by  them  duruig  1894,  1895,  and  1896  from  the  forwarded 
various  stations,  ports,  &c.    This  information  has  been  embodied  2??,  various 
in  the  foUowing  Table :_  sutio^8,Por^ 


im. 

ia»5. 

1896. 

DUtrtct 

Weight. 

Weight. 

Weight 

Tons. 

Cwt 

Qrs.  1  Lbs. 

Toni. 

Cwt 

Ore. 

Lbt. 

Ton*. 

Cwt 

Qfe. 

Lbs. 

BenricktoCalm- 

bulg  Point,  . 
Calmbalff   Point 

t«  Cape  Wrath, 
Cape    Wrath   to 

Olasftow,  .  . 
Glaagow   to   the 

Border,  .    .    . 

96 1 
729 
471 
273 

8 
9 

2 
Z 

23 
17 

4 

1,492 
678 
1126 

1 
12 
7 

8 

1 

24 
T 

10 
IT 

1.683 
987 
414 
298 

18 

1 
\ 
3 

26 

8 
A 

1 

ToUl,     .     .    . 

2,4S7 

11 

1 

16 

4,229 

1 

2 

2 

8,278 

2 

12 

The  slight  difference  between  the  figures  given  above  for  the 
years  1894  and  1895  and  those  given  in  our  previous  Reports  is  due 
to  a  few  additional  returns  having  been  received  for  those  years. 

The  answers  which  have  been  received  to  the  usual  circular  RepUes  to 
of  printed  queries  sent  to  the  Clerks  of  District  Boards  at  the  ^^^^^•^ 
close  of  the  salmon  fishing  season  of  1896  indicate  that  in  most  yield  of  §ie  * 
districts  salmon  were  plentiful  but  grilse  scarce.      The  replies  ^^^^   . 
Page  I2etteq,   are  given  in  Note  I.  of  the  Appendices  to  this  Report.     From  i896?"**  ^ 
twelve  of  them  it  seems  that  the  take  of  fish  generally  was  above 
the  average,  from  seven  that  it  was  about  the  average,  and  from     - 
five  that  it  was  below  the  average.     In  the  district  of  the  river 
Alness  it  was  above  the  average  in  tidal  waters,  but  below  it  in 
fresh  waters ;  and  in  that  of  the  river  Nith  it  was  better  than  last 
year.    The  Clerks  of  the  District  Boards  of  the  rivers  Awe  and 
Torridon  have  sent  no  replies  to  the  circular. 

The  districts  in  which  the  fishing  season  is  reported  as  being 
above  the  average  are  as  follows :— ^ 


Forth. 

Tay.' 

North  Esk. 

Dee  (Aberdeenshire). 

Tthan. 

Deveron. 

Conon. 


The    Rivers  of  the  East  and 

West  Coast  of  Sutherland. 
Kennart 
Girvan. 
Cree. 
Annan. 
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Receipts  and 
Kxpenditure  of 
DistrictBoards, 
with  rateable 
yalue  of  Sal- 
mon Fishings, 
from  1881  to 
1894  indosiTe. 


It  ifl  from  the  districts  of  the  rivers  Ugie,  Spey,  Findhorn,  Ness, 
Kyle  of  Sutherland,  Stinchar,  and  Dee  (Kirkcudbrightshire)  that  an 
average  fishing  season  is  reported ;  and  from  those  of  the  South 
Esk,  Don,  Nairn,  the  rivers  of  the  north  coast  of  Sutherlandshire, 
and  the  Lochy  that  the  fishing  season  is  reported  as  being  below 
the  average. 

The  receipts  and  expenditure  of  District  Fishery  Boards,  and  the 
rateable  value  of  the  salmon  fishings  in  their  districts,  in  the  years 
1881  to  1894  inclusive,  are  as  follows : — 


•      Year. 

Rateable  Valae 
of  Fisheries; 

Receipts 

(Ezclusive  of 

BalanceaX 

Expenditure 

(Exclasive  of 

Balances). 

Outstanding 
Loans. 

£ 

£ 

£ 

£ 

1881 

90,226 

9,961 

9,611 

184 

1882 

86,654 

9,299 

9,258 

191 

1883 

85,776 

10,170 

9,937 

156           1 

1884 

85,311 

9,654 

9,776 

135 

1885 

88,218 

10,322 

10,154 

1 

1886 

.91,407 

10,848 

11,116 

■ 

1887 

94,644 

11,298 

11,172 

1888 

96,312 

11,224 

11,445 

282 

1889 

93,667 

11,673 

11,647 

141 

1890 

97,593 

11,741 

11,557 

' 

1891 

97,648 

11,798 

11,700 

110 

1892 

97,523 

11,787 

11,605 

1898 

100,459 

11,606 

11,627 

1894 

106,099 

12,393 

11,698 

1 
1 

A  more  detailed  account,  showing  the  sums  raised  and  expended 
by  each  District  Board,  will  be  found  in  Note  II.  of ^the  Appendices,  Page  46  a  teq. 
from  which  it  will  be  seen  that  in  the  years  1881  to  1889  inclusive 
returns  are  comprised  in  the  above  statement  from  the  districts  of 
the  rivers  Annan,  Cree,  Dee  (Solway),  Dee  (Aberdeen),  Deveron, 
Don,  Esk  (North),  Esk  (South),  Findhorn,  Forth,  Girvan,  Kyle  of 
Sutherland,  Lochy,  Ness,  Nith, Spey,Tay,  Ugie,  Ythan,  and  Tweed, 
and  that  in  the  five  subsequent  years  returns  from  seven,  aud  in 
one  case  six,  additional  districts  are  included.  If  the  returns  from 
the  latter  districts  are  eliminated  those  from  the  former  are  as 
follows  in  the  under-mentioned  years : — 


Year. 

Bateable  Value 
of  Fisheries. 

Receipts 

(Exclusive  of 

Balances). 

Expenditure 

(Exclusive  of 

Balances). 

Outstanding    ; 
Loans. 

1890 
1891 
1892 
1893 
1894 

£ 
92,101 
90,763 
90,725 
94,752 
99,894 

£ 
11,296 
11,144 
11,114 
11,168 
11,739 

£ 
11,073 
11,114 
11,016 
11,171 
10,985 

£ 

lib 
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The  following  is  the  rental  of  the  Tay  fishings  since  1828  : — 


Year. 

1828 
1829 

ia30 

1831 
1832 
1833 
1834 
1835 
1836 
1837 
1838 
1839 
1840 
1841 
1842 
1843 
1844 
1845 
1846 
1847 
1848 
1849 
1850 
1861 
1852 
1853 
1854 
1855 
1856 
1857 
1858 
1859 
1860 
1861 
1862 


Rental. 

Year. 

£14,574  10 

0 

1863 

14,529  10 

0 

1864 

13,747  8 

0 

1865 

13,874  0 

0 

1866 

11,629  0 

0 

1867 

11,577  0 

0 

1868 

10,907  10 

0 

1869 

10,856  10 

0 

1870 

10,211  10 

0 

1871 

10,150  6 

0 

1872 

10,285  0 

0 

1873 

10,498  0 

0 

1874 

11,058  0 

0 

1875 

10,846  5 

0 

1876 

10,235  15 

0 

1877 

10,512  5 

0 

1878 

10.386  10 

0 

1879 

10,751  15 

0 

1880 

10,099  15 

0 

1881 

11,421  10 

0 

1882 

12,05ri0 

0 

1883 

10,729  16 

0 

1884 

9,491  11 

0 

1885 

9,530  0 

0 

1886 

7,973  5 

0 

1887 

8,715  17 

6 

1888 

9,269  6 

5 

1889 

9,977  13 

5 

1890 

10,199  10 

4 

1891 

10,772  0 

6 

1892 

11,487  2 

5 

1893 

11,884  14 

0 

1894 

13,827  10 

7 

1895 

14,009  15 

7 

1896 

14,080  12 

0 

1 

Rental 
£14,232  16  6 
16,742  5  2 
17,618  (»  7 
17,465  3  4 
16,852  18  4 
16,965  15  10 
17,444  15  0 
17,044  8 
16,382  8 
15,162  15 
17,519  14 
18,941  13 
21,634  4 
19,930  18 
21,126  14 
21,187  1 
21,697  14 
22,518  8 
19,579  11 
19,221  11 
17,773  3 
19,655  14 
20,417  0 
22,542  2 
22,143  16 
19,655  0 
17,731  2 
17,819  10 
17,237  6 
19,018  0 
21,762  14 
19,578  7 
17,090  15 
17,180  17 


Rental  of  Tay 

Salmon 

Fishings. 


It  will  be  observed  that  the  rental  for  1896  is  but  £90  higher  than 
that  for  1895,  which  was  the  lowest  rental  in  any  year  since  1872. 

The  Aberdeen  Harbour  Commissioners  have  kindly  furnished  a  Return  of  the 
return  of  the  number  and  weight  of  fish  caught  at  their  fishings  K^^^m^^*  ** 
on  the  river  Dee  and  the  sea  coast  adjoining  during  1896.     This  Fishin^^'* 
return,  together  with  similar  returns  for  each  year  since   1^71,  ^^Jg^S*^ 
are  embodied  in  a  statement  on  p.  x.     It  will  be  observed  from  Harbour  Oom- 
this    statement   that    the    total   weight    of  fish   taken  in   1896  missionera. 
is  greater,  with   the  exception  of  the  year  1891,  than  in  any 
previous  year  for  which  statistics  are  given.    An  account  of  the 
steps  which  were  taken  in  1872  to  improve  the  fishings  in  the 
district  of  the  river  Dee,  togefcher  with  statistics  showing  the 
state  of  the  fisheries  in  each  year  since  that  date,  was  given  in 
Mr  Archer's  report  to  the  Board  for  1895,  which  forms  part  of  the 
Foarteenth      Appendices  to  the   Board's  Fourteenth  Annual  Report     Those 
^^  ^P^  statistics  seem  to  show  that  the  steps  taken  on  the  Dee  afford 
a  striking  example  of  the  improvement  which  can  be  effected  in 
the  salmon  fisheries  of  a  district  by  those  interested,  in  the  upper 
and  in  the  lower  waters  respectively,  acting  in  concert  for  the 
oommQ^  weaL 


pp.  7-8. 


Digitized  by 


Google 


Report  on  Salmon  FUJieries. 


I 


&4 


•g 


.   .   .   .o 


I 
•  •  -I  •  •  • 


^•5 


u 


'Si 
Is 


11 

0^ 


is 


II 


15 


s  s  2  §§"s  s  g  s";f  g  1 2  ^'S  S's  2  2  2  S  B  ^  •  2  2 


•  •«  • 


e«aoriMO 


i^^fTi-  cTaTt-  <^-^  eo  ci  «^  o  »-  e«  o»  o"*  ^ceoQOccxocto,^! 


I 


•i' i  • 


S  «  8  S  8¥gW*  g" gS'S  8  3  8"S  8  S  S'c  a  8  a 


I 
I 

•s 

t 


I 


lililslglilliiiililiiiiiil 


Digitized  by 


Google 


B&port  on  Salman  Fisiheries.  xi 

With  r^ard  tx)  salmon  disease  in  1896  it  is  reported  from  the  Salmon 
Forth  that  1033  fish  succumbed  as  against  857  in  the  previous  year  ;  Jg^g**®  ^ 
from  the  Tay,  that  it  was  not  so  bad  as  formerly ;  from  the  South 
Esk,  that  279  fish  were  taken  out  of  the  river,  or  an  increase  of  95 
on  the  previous  year ;  from  the  North  Esk,  that  the  number  was 
175  as  against  700  in  1895  ;  that  700  were  taken  out  of  the  Dee, 
and  38  out  of  the  Don,  whereas  no  diseased  hsh  were  taken 
in  these  rivers  in  1895 ;  that  there  were  removed  from  the  Ythau, 
467  fish,  from  the  Ugie,  42,  and  from  the  Deveron,  340  The  dis- 
ease showed  itself  slightly  in  the  Helmsdale,  Brora,  and  Nith ; 
while  from  the  Annan,  264  diseased  fish  were  removed. 

During  1896,  by  the  direction  of  the  Board,  Mr  Archer  inspected  inspections 
the  river  and  sea -coast  salmon  fisheries  of  Ayrshire  and  Wigtown-  ^^°«  ^^^^• 
shire.  He  visited  the  rivers  Endrick  and  Luss,  which  flow  into  Loch 
Lomond,  and  the  river  Cassley  in  Sutherlandshire,  for  the  purpose  of 
recommending  how  the  waters  above  the  obstructions  on  those  rivers 
might  be  made  accessible  to  salmon.  He  further  visited  the  river 
Spey  in  November  last  for  the  purpose  of  assisting  in  marking 
salmon  with  the  view  of  gaining  more  accurate  knowledge  as  to  their 
habits.  In  his  Eeport  to  the  Board,  which  is  given  on  p.  1  of  the 
Appendices  to  this  Eeport,  he  describes  his  inspections,  and  indi- 
cates by  means  of  red  lin^s  on  a  map,  appended  to  this  Eeport,  the 
approximate  number  and  position  of  the  fixed  nets  on  the  west 
coast  of  Ayrshire  and  Wigtownshire.  By  his  inspection  of  the 
fishings  on  this  coast  he  has  completed  a  survey  of  the  sea-coast 
salmon  fishings  of  Scotland  between  Berwick-on-Tweed  and  the 
Mull  of  Galloway  in  Wigtownshire.  Those  on  the  west  and  east 
coasts  were  described  in  his  Eeports  to  the  Board  for  the  years  1894 
and  1895  respectively. 

The  Eoyal  Commission  on  the  Tweed  and  Sol  way  issued  their  Ee-  Royal  Commis- 
port  last  year.    The  Eeport  is  in  two  parts.    The  first  relates  to  the  ^d  soiway? 
Tweed,  the  second  to  the  Solway.     This  Commission  was  appointed 
in  1895  *  to  inquire  into  the  salmon  and  fresh  water  fisheries  of 

*  the  mouth  and  entrance  of  the  Tweed,  including  the  tributaries  of 
'  that  river,  and  all  the  portion  of  the  sea  comprised  within  the 

*  area  of  the  present  Tweed  Acts,  and  the  method  of  fishing  therein 

*  used,  the  rights  affecting  the  said  fisheries,  and  the  laws  applying 
'  thereto,  and  the  operation  of  such  laws ;  and  also  into  the  fisheries 
*of  the  Solway  Firth,  with  the  rights  affecting  the  same,  the 

*  methods  of  fishing  there  used,  together  with  the  laws  applying  to 

*  the  said  fisheries,  and  also  the  operation  of  the  Solway  Act  and 
'  other  statutes  relating  to  the  fisheries  of  the  Solway,  and  to  report 
'  thereon  and  make  such  recommendations  relating  thereto  as  they 
'  may  think  fit.' 

Page  74.  In  Note  III.  of  the  Appendices  a  list  is  given  of  the  dates  of  the  Annual  Close 

commencement  and  termination  of  the  annual  close  time  for  net  '^^®- 
and  rod  fishings  respectively,  applicable  to  the  salmon  rivers  in 
Scotland. 

Page  77,  In  Note  IV.  of  the  Appendices  will  be  found  a  list  of  Chairmen  List  of  chair- 

and  Clerks  of  Salmon  Fishery  District  Boards  in  Scotland  with  ^f  d^^®""^ 
their  addresses.    It  is  satisfactory  to  note  that  daring  1896  a  Boarda. 
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Board  has  been  formed  for  the  district  of  the  river  Ayr,  where 
none  previously  existed,  and  that  the  Boards  for  the  districts  in 
the  Island  of  Mull,  which  had  been  allowed  to  lapse,  have  been 
resuscitated. 

We  have  the  honour  to  be, 

Your  Lordship's  most  obedient  servants. 

ANGUS  SUTSEELAND,  Chairman. 
D.  CEAWFOED,  Deputy  Chairman. 
JOHN  MUEEAY. 
J.  EITCHIG  WELCH. 
W.  E.  DUGUID. 
ARCHIBALD  JAMESON. 


Wm.  C.  EOBEETSON,  Secretary. 
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REPORT, 


I  HAVE  the  honour  to  submit  my  Annual  Beport  to  the  Fishery  Board 
for  Scotland  for  the  year  1896. 

In   my    Reports  to   the    Board    for   the    years    1894   and    1895   I  Inspections  of 
described  the  salmon  fishing  industry  on  the  east,  north,  and  west  coasts  ^  ^-'°*'* 
of  Scotland,  and  indicated  graphically  on  maps  appended  to  those  Be-  Fishings, 
ports  the  approximate   number  and  position  of  the  fixed  nets  in  use. 
During  1896,  by  the  direction  of  the  Board,  I  completed  my  inspection 
of  the  salmon  fishing  stations  on  the  sea  coast  by  visiting  those  situated 
between  Ardlamont  Point  in  Argyllshire  and  the  Mull  of  Gkilloway  in 
Wigtownshire. 

Following  the  method  adopted  last  year  for  giving  a  general  idea  of  the  Map  of  Sonth- 
extent  of  this  industry,  I  have  divided  the  coast  line  from  Ardlamont  West  Coast, 
Point  to  the  Mull  of  G^oway,  in  the  map  accompanying  this  Beport^  into  lppro!Snate 
5-mile  sections  by  means  of  black  lines,  and  have  indicated  by  red  lines  Number  of 
drawn  parallel  with  the  coast  the  approximate  number  of  fixed  nets  in  ^®^  ^  '^* 
each  section.     One  red  line  denotes  less  than  five  nets,  and  every  addi- 
tional red  line  five  or  part  of  five  additional  nets. 

The  conditions  under  which  the  bag-nets  are  used  on  this  part  of  the  coast  Nnmber  of 
resemble  more  nearly  those  prevailing  on  the  east  coast  in  respect  of  the  Nets  and  Ck)0t 
number  of  men  required  to  work  a  given  number  of  nets,  and  those  ^'  ^^J^"»K- 
obtaining  on  the  west  coast  in  respect  of  the  length  of  time  during  which 
the  full  staff  of  fishermen  is  employed.  Subject  to  the  qualifications  men- 
tioned in  my  previous  Beports,  referred  to  above,  the  following  esti- 
mate as  to  the  cost  of  fishing  and  the  number  of  persons  employed 
may  be  made : — A  pair  of  bag-nets — that  is,  one  in  use  and  one  on  the 
shore  to  change  from  time  to  time — cost,  on  an  average,  £33 ;  one- third 
as  much  again  is  spent  annually  to  keep  them  in  fishing  order; 
and  four  men  at  an  average  weekly  wage  of  22s.,  together  with  a  boat 
costing  jB17,  6s.  6d.,  are  required  to  work  every  seven  nets.  If  this  esti- 
mate is  correct,  and  if  the  97  bag-nets  erected  on  the  west  coasts  of 
Ayrshire  and  Wigtownshire  in  the  month  of  July  are  fished  on  an  average 
during  four  and  a  half  months  of  the  year,  the  capital  invested  in  these 
fishings  would  be,  in  round  numbers,  £3500,  the  annual  expenditure 
£2500,  and  the  number  of  fishermen  employed  about  60. 

In  the  Solway  Firth,  eastward  of  the  Mull  of  Galloway,  no  fixed  nets  jjets  in 
are  allowed,  except  such  as  were  granted  certificates  of  privilege  Solway. 
by  the  Special  Commissioners  appointed  in  1877  to  carry  out  the 
Act  40  &  41  Vict  cap.  240.  Seeing  that  the  number  of  these  engines 
is  scheduled,  and  the  position  where  they  may  be  used  laid  down,  I 
have  not  thought  it  necessary  to  indicate  their  approximate  number  and 
position  on  the  map  accompanying  this  Beport.  It  may,  however,  be 
mentioned  that  about  53  fixed  nets  and  eight  ranges  of  poke-nets  have 
been  fished  during  recent  years  on  these  shores. 

Besides  inspecting  the  sea  coast  fishings,  I  visited  the  rivers  of  Ayr- 
shire and  Wigtownshire. 
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River  Irvine, 


River  Ayr. 


River  Doori. 


There  may  be  said  to  be  practically  no  saknon  fishings  in  the  district 
of  the  river  Irvine.  The  pollutions  poured  into  it  and  its  tribu- 
tary, the  Grarnock,  from  Kilmarnock,  Dairy,  and  other  towns  through 
which  they  flow,  seem  completely  to  have  destroyed  their  salmon-pro- 
ducing capabilities.  There  are  now,  so  far  as  I  was  able  to  ascertain,  no 
fishing  stations  in  the  river,  in  the  estuary,  or  on  the  sea  coast  within  6 
miles  of  the  mouth  of  the  river.  An  occasional  migratory  fish  is  said  to 
ascend  it  during  a  flood,  but  to  die  as  soon  as  the  flood  subsides  and  the 
water  resumes  its  ordinary  condition.  It  appears,  however,  that  the  Ayr 
County  Council  are  taking  steps  to  enforce  the  provisions  of  the  Rivers 
Pollution  Prevention  Act.  Should  their  action  ultimately  result  in  the 
waters  being  purified,  there  seems  nothing  to  prevent  these  rivers  again 
producing  salmon  in  the  same  abundance  as  in  former  years,  and  if  such  a 
fortunate  result  were  attained,  the  proprietors  of  the  salmon  fishings 
#ould  do  well  to  adopt  a  scheme  for  the  proper  distribution  and  regula- 
tion of  the  nets  throughout  the  district  while  there  were  still  no  existing 
fishing  interests  to  be  considered. 

Mr  Young,  my  predecessor,  writing  of  the  river  Ayr  in  1883,  states 
that  the  following  description  given  by  Mr  Buckland  and  himself  in  their 
Report  of  1871  was  still  true  of  this  naturally  fine  stream  : — '  The  Ayr,  as 

*  a  salmon  river,  is  in  a  very  bad  state.     No  weekly  close  time  is  observed. 

*  There  are  no  gratings  to  mill  ladea     Fry  are  killed  by  anglers,  colliers 
'  destroy  the  breeding  fish  at  the  top  of  the  river,  stake-nets  destroy  the 

*  ascending  fish  at  the  bottom,  and  pollutions  destroy  them  in  the  middle. 

*  If  it  were  the  object  to  extirpate,  instead  of  to  preserve  and  increase, 

*  that  object  could  hardly  be  more  effectually  carried  out  than  by  the 

*  System  now  adopted.     If  these  evils   could   be   remedied,   and  the 

*  proprietors  would  co-operate  in  protecting  the  salmon  interests,  the  Ayr 

*  might,  as  in  former  years,  produce  tons  of  salmon  annually,  as  the  Ayr 

*  and  Lugar  still  continue  to  possess  good  spawning  grounds.' 

I  regret  to  say  that  I  did  not  find  matters  much  improved  at  the  time 
of  my  visit.  Hecks,  or  gratings,  had  been  placed  on  some  of  the  mill 
lades,  but  they  had  in  most  cases  been  allowed  to  fall  into  disrepair. 
No  district  board  had  been  formed,  nor  was  anything  being  done  to  en- 
force the  Salmon  Fishery  Acts,  and  relative  bye-laws.  It  was  complained 
that  the  salmon  were  gaffed  as  they  attempted  to  ascend  the  mill  dams 
in  the  town  of  Ayr  ;  that  the  smolts  were  destroyed  as  they  came  down 
the  river ;  and  that  the  parent  salmon  were  not  protected  at  spawning 
time,  nor  the  young  of  salmon  after  they  were  hatched.  Under  these 
eircumstances,  it  can  hardly  be  a  matter  of  surprise  that  the  salmon  fish- 
ings are  almost  entirely  destroyed.  But,  although  I  foimd  this  very 
undesirable  state  of  affiairs  existing  at  the  time  of  my  inspection,  it  is 
satisfactory  to  state  that,  as  a  result  of  my  visits  a  Board  has  been  formed, 
and  a  clerk  has  been  appointed.  I  have  been  in  commimication  with  this 
gentleman,  and  understand  from  him  that  steps  are  being  taken  to  en- 
force the  provisions  of  the  Salmon  Fishery  Acts  and  relative  bye-laws. 

The  river  Doon,  if  properly  looked  after,  should  be  one  of  the  best 
Salmon-fishing  rivers  in  the  south-west  of  Scotland.  There  is,  however, 
no  district  board,*  the  association  of  Leritors  which  formerly  existed  has 
been  allowed  to  lapse,  and  there  is  at  present  no  authority  representing 
the  fishing  interests  to  enforce  the  Salmon  Fishery  Acts,  or  to  take 
advantage  of  the  exceptional  capabilities  which  this  stream  possesses  for 
the  production  of  fish. 

The  salmon  fishings  have  often  suffered  severely  from  poisonous  dis- 
charges from  coal-pits  and  iron-works.     My  predecessor  mentions  that 

*  Since  writing  the  above  a  Board  has  been  formed  and  a  clerk  appointed. 
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dii  bUk  oceasioti,  whciti  h^  yisitdd  the  river  many  jears  ago,  all  the  fish 
—even  eels — ^betweeil  the  pits  ahd  the  sea  were  destroyed  by  a  discharge 
horn  the  Oarnaham  coal-pits.  Again,  in  1889,  he  mentions  that  about  150 
iidh  were  destroyed  by  pollution  discharged  from  one  of  the  pits  of  the 
DalmellLdgton.  Iron  Company.  Lastly,  in  1893,  an  escape  of  pollution 
occurred  oti  two  separate  occasions,  and  upwards  of  500  fish  were  taken 
out  of  the  river  in  a  dead  or  dying  condition.  Matters,  it  is  stated,  are 
abir  much  improved,  although  they  are  not  yet  all  that  can  be  desired. 
The  liquid  which  escapes  into  the  river  from  the  settling-tank  at  Skeldon 
where  there  are  mills  for  the  manufacture  of  blankets,  is  still  much 
complained  of.  It  is  not  supposed  actually  to  poison  the  fish,  but  to 
sicken  them  so  that  they  will  not  rise  to  the  fly,  and  the  rod  fishing  is 
said  to  have  fallen  off  very  much  in  consequence.  An  engineer  is  being 
consulted  as  to  the  best  means  of  dealing  with  this  pollution. 

There  are  seven  mill  dams  on  the  river,  but,  with  one  exception,  they 
lire  not  regulated  in  accordance  with  the  bye-law  Schedule  G.,  31  &  32 
Vict.  cap.  123. 

It  also  appears  that  full  advantage  is  not  taken  of  the  excep- 
tional opportunities  which  Loch  Doon  affords  for  the  storage  of  a  large 
quantity  of  compensation  water.  The  area  of  Loch  Doon  is  fully  1240 
acres,  and  at  its  outlet  channels  have  been  cut  through  the  rock  and 
sluices  constructed,  whereby  the  outflow  can  be  controlled  and  regulated. 
The  depth  of  the  channels  allows  of  16  feet  of  water  being  drawn  off  the 
surface  of  the  loch.  This  gives  a  storage  of  over  864J  million  cubic  feet 
6^  a  flow  of  6600  cubic  feet  a  minute  for  thre^  months  in  the  year, 
iti  addition  to  the  natural  flow  of  the  river.  The  advantage  to  the 
fisheries  of  paying  careful  attention  to  the  proper  management  of  these 
sluices  cannot  be  too  strongly  impressed  on  the  proprietors.  The  sluices 
should  be  so  regulated  as  to  maintain  an  equable  flow  of  water  in  dry 
weather,  and  thus  lessen  the  injurious  effects  arising  from  the  quick 
discharge  of  surface-water  under  the  present  system  of  land  drainage. 

In  the  Girvan  district  but  little  interest  seems  to  be  taken  in  the  River  Girvan. 
^Imon  fishings.  A  Board  has  been  formed,  but  it  holds  no  meet- 
ings, employs  no  staff,  and  raises  no  funds  for  the  purpose  of  en- 
forcing the  Salmon  Fishery  Acts.  The  protection  of  the  river  fishings  is 
left  to  the  keepers  on  the  different  estates.  This  arrangement,  however, 
\A  said  not  to  work  satisfactorily,  as,  at  the  time  when  salmon  are  in  the 
river,  the  keepers  are  fully  occupied  with  their  duties  in  connection 
with  the  shootings,  and  consequently  illegal  fishing  is  prevalent.  In 
luldltion  to  illegal  fishing  during  the  annual  close  season,  it  is  complained 
that  the  district  is  overfished  during  the  open  season.  At  present  fixed 
nets  on  the  sea  coast  are  permitted,  and  placed  within  300  yards  of  the 
iiiouth  of  the  river,  and  draft-nets  are  used  in  the  river  itself.  I  was 
informed  by  a  tacksman  of  some  of  the  fixed  net  fishings  on  the  coast 
that,  some  years  ago,  when,  by  agreement  among  the  proprietors,  fixed 
nets  were  placed  at  a  distance  of  600  yards  from  the  mouth  of  the 
river,  and  netting  in  the  river  discontinued,  there  were  many  more 
^Imon  caught  on  the  coast  than  there  have  been  since  these  restric- 
tions were  given  up.  This  evidence  as  to  the  effect  of  prohibiting  netting 
rH  confined  waters  agrees  with  that  given  on  page  83  of  the  Thirteenth, 
and  pages  7  and  8  of  the  Fourteenth,  Annual  Reports,  of  the  Board. 
The  fishings  in  this  district  merit  more  attention  than  they  are  at  present 
f^iving. 

The  Stihchar  is  an  ideal  small  salmon  river.     Its  bed  is  of  fine  gravel,  Rivw  Stinohar. 
ftbsi  suitable  for  spawning,  while  pool  and  rapid  stream  follow  one 
In6ih6r  in  (^lose  succession.     It  is  about  29  miles  long,  drains  an  area 
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of  133  square  miles,  is  noted  for  its  large  salmon,  and  is,  for  its  size, 
productive,  it  being  not  uncommon,  I  am  informed,  for  an  angler  to 
take  four  or  five  in  the  day  when  the  river  is  in  suitable  order  for  angling. 
A  Board  has  been  formed  for  the  district,  but  no  assessment  is  levied, 
nor  are  any  regular  water-bailiffs  employed.  Lord  Stair,  the  principal 
proprietor,  however,  employs  a  watcher  solely  to  look  after  his  fishings 
and  to  see  that  his  tenants  observe  the  weekly  close  time;  with  this 
exception  the  watching  is  done  by  the  keepers  on  the  several  estates. 
The  limits  of  the  district  are  from  Benane  Head  on  the  north  to  the 
lighthouse  on  the  Mull  of  Galloway  on  the  south.  In  the  roll  of  the 
proprietors,  however,  shown  me  by  Mr  Greig,  Clerk  to  the  Board,  only 
the  proprietors  of  the  fishings  in  the  river  and  of  those  on  the  sea  coast 
in  its  immediate  neighbourhood  are  included.  The  District  Board  should 
have  this  error  rectified,  as,  in  the  event  of  their  imposing  an  assessment, 
under  the  Salmon  Fishery  Acts,  that  assessment  should  be  levied  on  all 
the  proprietors  of  fisheries  in  the  district,  and  not  alone  on  those  in  the 
river  and  its  immediate  neighbourhood. 

The  Luce  is  a  late  river.  Salmon  are  said  not  to  ascend  it  until 
September,  although  sea  trout  do  so  in  June  and  July.  There  is  neither 
a  district  board,  nor  a  regular  staff  of  water-bailiffs.  The  proprietors  em- 
ploy their  own  watchers,  each  on  his  own  water.  The  bye-law  for  the 
regulation  and  use  of  mill  dams  is  not  observed.  In  the  mill  dam 
immediately  above  the  bridge  at  Glenluce,  a  stone  had  become  fixed 
across  the  head  of  the  fish-pass,  thereby  rendering  the  pass  useless. 
This  was  not  of  much  consequence  at  the  time,  as  a  breach  had  been 
made  by  a  recent  flood  in  the  centre  of  the  dam,  through  which  the  fish 
could  easily  ascend.  It  may  be  pointed  out,  however,  with  regard  to 
this  matter,  that  section  15  of  the  Salmon  Fisheries  (Scotland)  Act  of 
1868  provides  that  any  person  who  does  any  act  for  the  purpose  of  pre- 
venting saimon  from  passing  through  any  fish-pass,  shall,  for  every  such 
offence,  be  liable  to  a  penalty  not  exceeding  £5,  and,  in  addition  to  such 
penalty,  to  the  costs  and  expenses  of  prosecution  and  conviction.  A 
strong  complaint  was  made  in  this  district  that  those  fishing  for  salmon 
under  licences  from  the  Crown  did  not  conform  to  the  regulations  made 
by  the  Office  of  Woods.  It  was  urged  that  that  Department  should 
take  steps  to  enforce  their  regulations. 

In  the  district  of  the  river  Bladenoch,  where  no  Board  has  been 
formed,  and  where  there  is  consequently  no  authority  to  enforce  the 
Commissioners'  bye-laws,  it  was  complained  that  the  dam  dyke  at 
New  Mills  had  been  altered  so  as  to  form  a  greater  obstruction  to  the 
free  passage  of  fish  than  formerly  existed.  The  alteration  complained 
of  was  the  placing  of  a  beam  or  plank,  some  4  or  5  inches  in  height, 
along  the  crest  of  the  dam.  The  miller  pleaded  in  justification  of  this 
alteration  that  the  dam,  which  was  carried  away  in  the  winter  of  1894- 
1895,  when  rebuilt,  was  not  restored  to  its  original  height,  and  that 
the  beam  was  only  added  temporarily  until  the  level  of  the  water 
would  permit  of  the  stone-work  being  raised  to  its  former  level.  An 
obstruction  of  even  greater  importance  than  the  beam  just  referred  to  was 
a  wooden  dam  or  sluice  fixed  across  the  head  of  the  fish-pass  in  such  a 
manner  as  to  form  a  complete  barrier  to  the  passage  of  salmon.  Such 
an  obstruction  appeared  to  be  a  contravention  of  the  16th  section  of  the 
Salmon  Fisheries  (Scotland)  Act,  1868.  It  will  be  remembered  that  I 
reported  specially  on  this  matter  on  my  return  to  Edinburgh,  and  that 
steps  were  taken  by  the  Board  to  have  the  obstruction  removed. 

In  the  district  of  the  river  Leven  (Dumbartonshire)  an  active  interest 
is  being  taken  by  the  new  Loch  Lomond  Angling  Improvement  Associa- 
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tion  in  opening  up  the  various  spawning  streams  connected  with  the 
loch.  By  the  direction  of  the  Board,  and  at  the  request  of  Colonel 
Blackburn  of  Killeam,  and  of  Mr  Alfred  Brown,  secretary  of  the  Associa- 
tion, I  visited  the  fall  at  Gartness  on  the  river  Endrick,  and  a  mill  dam 
on  the  river  Luss,  for  the  purpose  of  advising  them  as  to  the  construction 
of  fish-passes.  The  fall  at  Gartness  is  said  to  exclude  salmon  from  12 
miles  of  good  spawning  grounds,  while  the  mill  dam  on  the  Luss, 
which  is  situated  within  a  short  distance  of  Loch  Lomond,  practically 
shuts  them  off  entirely  from  the  spawning  grounds  in  the  latter  stream. 
It  would  undoubtedly  tend  greatly  to  the  increase  of  salmon  and  sea  trout 
in  Loch  Lomond  if  these  obstructions  were  opened  up.  Hitherto,  how- 
ever, it  has  not  been  found  possible  to  raise  sufficient  funds  to  carry  out 
the  plans  I  suggested  for  the  purpose". 

I  am  informed  by  Mr  Alfred  Brown  that  the  Association  has  leased 
the  salmon  fishings  on  the  river  Leven  and  on  Loch  Lomond  (so  far  as 
possessed  on  the  loch  by  the  Colquhoun  Trustees),  and  has  abolished 
netting  in  these  waters.  Arrangements  have  also  been  entered  into  with 
the  lessees  of  the  salmon  fishings  on  the  Clyde  between  Dumbarton, 
Cardross,  and  Ardmore,  to  limit  netting  to  four  and  a  half  days  a  week, 
and  to  maintain  an  efficient  superintendence  during  the  weekly  and  annual 
dose  times.  The  Association  has  further  appointed  a  staff  of  water- 
bailiffs  to  put  down  illegal  fishing  during  the  open  season,  and  to  assist 
in  protecting  the  spawning  fish  in  the  tributary  streams  during  the 
close  season,  and  has  thrown  open  to  the  public,  free  of  charge,  the 
whole  of  the  waters  over  which  it  has  acquired  the  right  of  salmon 
fishing,  under  certain  conditions  as  to  fair  fishing. 

LoL  my  Report  last  year,  I  mentioned  that  the  Kyle  of  Sutherland  Board  Kyle  of 
had  made  an  unsuccessful  attempt  to  open  up  fresh  spawning  grounds  in  Sutherland, 
their  district  by  blasting  the  Glenmuick  Falls  on  the  river  Cassley,  and 
had  asked  me  to  advise  them  in  the  matter.  By  the  direction  of  the 
Fishery  Board,  I  inspected  these  falls  during  last  summer,  and  sub- 
sequently forwarded  drawings  to  the  Clerk  of  the  District  Board,  showing 
how  they  might  be  made  accessible  to  salmon. 

The  case  as  to  the  cruive  dyke  on  the"  river  Deveron,  referred  to  in  jyyg,  Deveron. 
my  last  year's  Report,  was  decided  by  the  Court  of  Session  on  the  23rd 
February  last.  It  had  reference  to  the  powers  of  the  Commissioners 
appointed  under  the  Act  of  1862  to  make  regulations  with  respect  to  the 
construction  and  use  of  cruives  held  under  Royal  Grant  or  Charter.  By 
the  6th  section  of  the  Salmon^  Fisheries  (Scotland)  Act^  1862,  power  was 
given  to  the  Commissioners  appointed  under  that  Act  "  to  make  general 

*  regulations  ^  with  respect  "  to  the  construction  and  use  of  cruives," 
but  this  power  is  subject  to  the  important  qualification  ''that  such 
'  regulations  shall  not  interfere  with  any  rights  held,  at  the  time  of 

*  the  passing  of  this  Act,  under  Royal  Grant  or  Charter,  or  possessed  for 
'  time  immemorial.''  The  principal  questions  in  this  case  were  whether 
the  proprietor,  who  held  his  right  to  the  cruive  dyke  under  Royal  Charter, 
was  entitled  to  maintain  and  to  continue  to  use  the  cruives  at  a  width  of 
not  more  than  an  ell  or  37  inches  each,  as  fixed  by  previous  decrees  of  the 
Court,  or  whether  he  was  bound,  ^n  conformity  with  the  Commissioners' 
bye-law  (Schedule  F.,  31  &  32  Vict.  cap.  123),  to  increase  the  width  to 
not  less  than  four  feet.  The  Court  decided  that  the  cruives  should  be 
widened  to  four  feet,  and  gave  judgment  in  favour  of  the  District  Board, 
with  expenses. 

Li  November  last  I  visited  the  district  of  the  river  Spey,  where  the  River  Spey. 
marking  of  salmon  is  being  continued  with  much  interest,  with  the  view 
of  recommending  an  improved  system  of  weighing  and  measuring  the 
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mark64  fish.     It  is  satisfactory  to  learn  from  Mr  Wedderspoon,  Commis- 

sioDer  to  the  Duke  of  Richmond,  tha);  the  men  now  show  much  greater 

aptitude  in  carrying  out  the  work,  and  that  the  statistics  regarding  the 

weight  and  leu^th  of  the  fish  which  are  marked  are  now  recorded  with  the 

strictest  accuracy. 

Bye-law  with        ^  ^^®  drawn  attention  in  the  foregoing  remarks  to  the  non-ohservapce 

respect  to         of  J}ie  bye-law  made  by  the  Commissioners  with  regard  to  the  construction 

construction  of  an(j  ^isQ  of  mill  dams  or  lades,  or  water  wheels.     The  provisions  of  this 

ams.       by|g.^^  are  habitually  infringed  in  many  mills,  not  only  in  Ayrshire  and 

Wigtownshire,  but  in  other  parts  of  Scotland.     In  many  cases  ignorance 

is  pleaded  as  an  excuse;  I  have  thought  it,  therefore,  worth  while  to 

print  the  bye-law,  with  a  view  of  dispelluig,  to  some  extent,  this  ignorance, 

and  of  calling  attention  to  some  of  the  most  frequent  ways  in  which  its 

provisions  are  contravened. 

SCHEDULE  (G). 

Btk-law. 

25th  and  26th  Vict.  cap.  97. 
26th  and  27th  Vict.  cap.  50. 
27th  and  28th  Vict.  cap.  118. 

''  Acts  to  regolate  and  amend  the  Law  respecting  the  Salmon  Fisheries 

*  of  Scotland." 

We,  the  Commissioners  appointed  under  the  said  Acts,  and  empowered 
thereby  "to  make  general  regulations  with  respect  to  the  construction 

*  and  alteration  of  mill  dams  or  lades,  or  water  wheels,  so  as  to  afford  a 
'reasonable  means  for  the  passage  of  salmon,"  do  hereby  make  the 
following  general  regulations  with  respect  to  the  construction  and  use  of 
mill  dams  or  lades,  or  water  wheels : — 

1.  Every  new  dam,  and  every  portion  of  any  dam  that  may  require 
to  be  renewed  or  repaired  after  this  time,  shall  be  made  and  main- 
tained water-tight,  or  as  nearly  so  as  possible,  so  that  no  water  that 
can  reasonably  be  prevented,  shall  run  through  the  dam;  but  all 
water  not  taken  into  the  lade  for  the^use  of  the  mills  or  other  lawful 
purpose  shall  be  made  to  flow  over  the  dam  as  fully  as  may  be 
practicable. 

2.  There  shall  be  a  sluice  or  sluices  at  the  intake  of  every  mill 
lade.  No  water  shall,  with  the  exception  herein-after  stated,  be 
allowed  to  enter  any  mill  lade  beyond  the  quantity  required  for  the 
use  of  the  water  wheel  or  wheels  of  any  one  fall  on  that  lade,  or  for 
other  lawful  purpose  in  the  lade ;  that  is  to  say,  no  water  shall  be 
allowed  to  escape  from  any  lade  into  the  river  by  means  of  any  bye- 
wash  or  overflow,  but  all  water  not  required  for  the  uses  aforesaid 
shall  be  made  to  flow  over  the  dam  into  the  river  as  far  as  may  be 
practicable. 

At  the  option  of  the  millers  or  manufacturers,  this  provision  may 
be  carried  out  either  by  shutting  the  sluice  or  sluices  at  the  intake 
of  the  lade,  or  by  raisiug  the  banks  of  the  lade  to  a  height  that  will 
prevent  an  overflow  of  water  from  the  lade  when  the  sluice  at  the 
wheel  and  the  bye- wash  sluice  herein-after  mentioned  are  both  kept 
shut.  Provided  always,  that  the  said  by-law  shall  not  apply  to 
millers  or  manufacturers  when  taking  measures  necessary  lor  the 
protection  of  their  premises  during  heavy  flood^  or  vfhen  mers  a^e 


Digitized  by 


Google 


of  the  Fishery  Board  for  Scotland,  7 

cumbered  with  ice,  or  while  necessary  repairs  are  being  executed  on 
ijjiy  emergency ;  provided  that  nothing  be  omitted,  or  done  un- 
necessarily to  defeat  the  objects  of  this  bye-law.  Furthermore,  in 
all  cases  when  the  intake  sluice  is  more  than  300  yards  from  the 
water  wheel,  it  shall  not  be  imperative  to  shut  the  intake  sluice, 
or  to  keep  the  bye-wash  sluice  shut,  during  ordinary  meal  hours,  or 
during  any  stoppage  of  the  wheel  not  exceeding  an  hour  at  a 
time. 

3.  At  the  intake  of  every  lade  there  shall  be  placed  and  con- 
stantly kept  a  heck  or  grating  for  each  opening,  or  one  embracing 
the  whole  openings,  the  bars  to  be  not  more  than  three  inches 
apart,  if  horizontal  and  not  more  than  two  inches  if  vertical. 

4.  A  similar  heck  or  grating  shall  be  placed  and  constantly  kept 
across  the  lade  or  troughs  immediately  above  the  entrance  to  each 
mill  wheel.  • 

5.  A  similar  heok  or  grating  shall  be  placed  and  constantly  kept 
across  the  lower  end  of  each  taQ  lade  at  its  entrance  into  the  main 
river. 

Note. — To  prevent  any  obstruction  to  the  flow  of  the  water  by 
the  hecks  or  gratings  in  the  lades,  it  is  recommended  that 
the  lade  should  be  increased  in  width  where  the  hecks  are 
placed,  and  that  the  beck,  instead  of  being  in  a  straight 
line  across,  should  be  curved  or  pointed  up  or  down  stream, 
and  thereby  increased  in  length,  so  that  the  aggregate  of 
the  openings  between  the  bars  shall  exceed  the  sectional  area 
(or  waterway)  of  the  lade,  and  thus  compensate  for  the  space 
occupied  by  the  bars. 

6.  There  shall  be  a  bye-wash  sluice  placed  as  near  as  practicable 
above  each  water  wheel  in  the  embankment  of  the  lade  of  not  less 
than  three  feet  in  width,  with  its  sill  as  low  as  the  bottom  of  the 
lade,  and  the  said  sluice  shall  be  raised  to  a  height  sufficient  to 
allow  the  smolts  to  descend  for  at  least  five  but  not  exceeding  eight 
hours  each  week  from  the  15th  March  to  the  1st  July,  not  more 
than  six  days  intervening  between  each  time  of  opening. 

There  shall  be  a  salmon  pass  or  ladder  on  the  down  stream 
face  of  very  dam,  weir,  or  cauld,  capable  of  affording  a  free  pas- 
sage for  the  ascending  fish  at  all  times  when  there  is  water  enough 
in  the  river  to  supply  the  ladder.  The  width  shall  not  be  less  than 
four  feet  in  the  clear  in  rivers  of  less  than  100  feet  in  breadth  at  the 
gibe  of  the  dam,  nor  less  than  five  feet  in  breadth  in  rivers  of  less 
than  200  feet  and  more  than  100  feet  in  breadth  as  aforesaid,  nor 
less  than  six  feet  in  breadth  in  rivers  of  more  than  200  feet  in 
breadth  as  aforesaid  \  the  upper  sill  shall  be  not  less  than  six  inches 
below  the  lowest  part  of  the  crest  of  the  dam  for  the  whole  width  of 
the  ladder;  the  inclination  shall  in  no  case  be  steeper  than  five 
horizontal  to  one  perpendicular,  but,  wherever  practicable,  shall  be 
seven  or  eight  horizontal  to  one  perpendicular,  and  in  all  cases  shall  be 
provided  with  breaks  or  stops  placed  at  suitable  intervals,  so  as  to 
lessen  the  velocity  of  the  current  sufficiently  to  allow  the  fish  to 
ascend  without  difficulty. 

The  foot  of  the  ladder  shall  be  placed  where  there  is  most  running 
water,  ^d  with  the  best  lead  for  tbe  fish  to  approach  it ;  and  if  the 
l^der  should  project  beyond  the  toe  of  the  dam,  there  shall  be  an 
%pron  of  stone  formed  to  the  dam,  extending  as  far  down  the  river 
HI  ^«  ^trance  to  the  pa«B  or  ladder,  and  extending  throughout  the 
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whole  length  of  the  dam  at  either  side  of  the  ladder,  and  on  a  high 
enough  level  to  prevent  there  being  any  pool  in  the  river,  or  sufficient 
depth  of  water  farther  up  than  the  entrance  to  the  said  pass  or 
ladder,  by  which  the  fish  might  be  induced  to  remain  there 
obstructed  in  their  ascent,  and  not  be  led  to  the  ladder. 

Note, — The   Commissioners   would  recommend   the   following 
details  to  be  adopted  in  the  construction  of  salmon  ladders, 
in  addition  to  those  given  in  the  foregoing  bye-law,  but  do 
not  insist  on  them,  provided  some  other  perfectly  efficient 
arrangement  be  substituted, — viz.,  the  side  walls  to  be  not 
less  than  twenty-two  inches  in  height ;  the  breaks  to  be  not 
less  than  eighteen  inches  in  height,  with  openings  of  ten 
inches  in  breadth  at  the  alternate  ends  of  each  break,  and 
^five  feet  apart  in  cases  where  the  gradient  of  the  ladder  is 
one  in  five  and  of  a  greater  distance,  but  the  same  propor- 
tions being  maintained  where  the  gradient  is  easier  than  one 
in  five. 
7.  No  dam  shall  be  so  altered  as  to  create  a  greater  obstruction  to 
the  free  passage  of  fish  than  at  present  exists. 

Wm.  J.  Ffbnnbll,  \ 

Fred.  Eden,  >  Commissioners. 

James  Leslie,        ) 

Fisheries  Department,  Home  Office, 

29th  day  of  April  1865.  Approved, 

G.  Grbt. 
Whitehall,  19th  July  1865. 

(This  bye-law  to  take  effect  from  the  28th  July  1865.) 

It  will  be  observed  that  the  object  aimed  at,  in  sections  1  and  2,  is  to 
provide  that  all  water  not  required  for  milling  purposes  shall  be  made  to 
flow  down  the  fish-pass  and  over  the  mill  dam,  instead  of  being  allowed 
to  run  to  waste.  There  is  no  more  important  provision  in  the  whole 
bye-law,  as  the  larger  the  volume  of  water  flowing  from  a  fish-pass,  the 
more  will  fish  be  tempted  to  ascend  it  There  is,  however,  none  which 
is  more  systematically  contravened. 

The  regulations  with  regard  to  hecks  in  sections  3,  4,  and  5  were  made 
with  a  view  of  preventing  salmon  being  killed  in  mill  lades.  In  many 
cases,  however,  the  hecks  have  become  damaged  in  such  a  way  as  to 
serve  an  exactly  opposite  purpose  than  that  for  which  they  were  intended, 
for  while  they  do  not  prevent  salmon  entering  mill  lades  they  form  an 
effectual  barrier  to  their  exit. 

In  section  6  the  Commissioners  seem  to  recognise  that  the  chief 
requisite  in  making  a  fish-pass  that  salmon  not  only  can^  but  wUl  ascend, 
is  to  provide  an  attractive  entrance  in  a  proper  position.  It  will  be 
observed  that  they  lay  down  that  the  entrance  shall  be  placed  where 
there  is  most  running  water,  and  that  it  shall  not  project  beyond  the 
foot  of  the  obstruction.  These  provisions  are,  however,  frequently 
infringed.  It  is  not  uncommon  to  see  the  entrance  to  the  pass  placed  at 
some  distance  below  the  foot  of  the  fall,  where  the  fish  are  not  the  least 
likely  to  find  it. 

With  regard  to  section  7,  it  b  commonly  complained  when  a  mill 
dam  or  cruive  dyke  is  repaired,  that  it  has  been  altered  in  such  a 
manner  as  to  create  a  greater  obstruction  to  the  free  passage  of  fish 
than  formerly.     Owing,  however,  to  the  want  of  accurate  information  as 
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to  the  dimensions  of  the  erection  previous  to  its  alteration,  it  is  impossible 
to  verify  these  complaints. 

The  importance  of  enforcing  the  first  six  sections  of  this  bye-law,  and 
of  having  plans  made  of  the  various  dam  dykes,  so  as  to  determine 
accurately  their  present  dimensions,  cannot  be  too  strongly  impressed  on 
District  Boards ;  and  in  districts  where  no  Boards  have  been  formed,  it 
is  essential  that  proprietors  of  the  salmon  fisheries  should  form  such 
Boards,  in  order  that  they  may  avail  themselves  of  the  powers  con- 
ferred on  them  by  the  Salmon  Fishery  Acts. 

Jn  the  Report  of  the  Royal  Commission  on  Tweed  and  Solway  fisheries, 
issued  in  1896,  the  need  of  enforcing  the  present  law  with  regard 
to  the  removal  of  obstructions  is  referred  to  in  the  following  terms : — 

*  We  cannot  conclude  this  branch  of  our  report  without  saying  that, 

*  in  our  view,  it  is  a  mistake  to  expect  too  much  from  legislation,  and 

*  that  we  have  a  strong  conviction  that,  even  as  the  law  stands  at 
'  present,  much  more  might  be  done  than  is  being  done  to  assist  the 
'  natural  multiplication  of  fish  in  the  rivers,  by  removing  obstructions 

*  which  prevent  access  being  obtained  to  the  upper  waters,  and  by 
'  taking  care  of  the  young  salmon  during  their  existence  in  fresh 
'  water  before  going  down  to  the  sea.     There  is  strong  proof  that  the 

*  destruction  of  these  immature  fish  is  very  great,  and  is  one  of  the  most 

*  serious  losses  to  which  a  salmon  river  is  subjected.     The  capture  of 

*  such  by  anglers  and  others  should  be  prevented  by  every  reasonable 
'  means,  and  the  law  as  to  the  protection  of  the  intakes  of  mill  raceways 

*  should  be  more  strictly  carried  out,  so  that  fish  may  not  get  into  them. 
'  The  natural  enemies  of  the  young  fish,  such  as  pike  and  eels,  especially 

*  the  latter,  should  be  kept  down  as  much  as  possible,  but  little  or  no 
'  attention  appears  to  have  been  paid  to  this.' 

During  1896,  investigations  were  made  to  determine  whether  salmon  Salmon 
do  or  do  not  feed  in  fresh-water ;  whether  they  cease  feeding  during  th«i  Fiaheiy 
later  stages  of  the  development  of  their  genitalia  when  in  the  sea  ;  and  "^^•■''^  ^®- 
to  determine  the  chemical  changes  which  take  place  in  their  organs 
throughout  the  year.  For  this  purpose  salmon  were  supplied  from  the 
upper  and  lower  waters  of  the  Helmsdale,  Spey,  Dee,  and  Aunau, 
through  the  courtesy  and  liberality  of  the  Duke  of  Richmond,  the  Duke 
of  Sutherland,  the  Duke  of  Fife,  Mr  Mackenzie  of  Newbie,  Mr  Heywooil 
Lonsdale,  Invereshie,  and  the  District  Board  of  the  river  Dee  (Aberdeen- 
shire). The  investigations  were  conducted  under  the  supervision  of  Dr 
Noel  Patou,  Superintendent  of  the  Research  Laboratory  of  the  Royal  Col- 
lege of  Physicians,  who,  together  with  a  number  of  other  skilled  workers, 
kindly  undertook  to  conduct  a  series  of  researches  provided  arrangements 
were  made  for  a  regular  supply  of  material  being  furnished  them  through- 
out the  year.  The  completion  of  the  work  has  been  delayed  through  the 
illness  of  two  of  the  observers,  and  through  the  Royal  College  of  Physi- 
cians having  removed  their  laboratory  to  new  premises.  The  study  of 
the  female  salmon  is,  however,  nearly  complete,  and  that  of  the  males 
is  now  being  pursued.  I  have  received  a  letter  from  Dr  Noel  Paton  in 
which  he  states  that  he  expects  to  be  able  to  submit  a  detailed  report 
in  the  course  of  the  present  summer.  He  adds  that  the  investigations 
have  been  undertaken  on  the  following  plan  by  the  various  workers : — 

First.     On  whether  salmon  feed  in  ^esh-water,  and,  throughout  the 
whole  season,  in  the  sea  ? 

(a)  Structural  changes  in  the  lining  membrane  of  the  stomach  and 

intestine,  and  in  the  digestive  gland.     By  Dr  Lovell  Qalland. 

(b)  Activity  of  digestive  secretion.     By  Dr  Gillespie. 
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(c)  Bacteriology  of  the  stomach  and  intestine.     By  Dr  Qillespie. 

(d)  Changes  in  the  weight,  weight  of  muscle,  ovary,  and  testes.     By 

Drs  Noel  Paton  and  Dunlop. 
Second.  Chemical   changes  in  the  organs  of  salmon  throughout  the 
season. 

(a)  Changes  in  the  solids.     By  Dr  Noel  Paton. 
{b)  Changes  in  the  albuminous  constituents.     By  Dr  Dunlop. 
\h'^)  Nature  of  these  constituents.     By  Drs  Boyd,  Noel  Paton,  and 
Greig. 

(c)  Changes  in  the  fats  and  allied  bodies — 

1.  Chemical.     By  Dr  Noel  Paton. 

2.  Microscopic.     By  Mr  Mahalanobis. 

(d)  Changes  in  the  phosphorus  compounds.     By  Drs  Johnston  ^d 

Noel  Paton. 
le)  Changes  in  the  iron.     By  Dr  Greig. 
(/)  Pigments  of  the  salmon.     By  Miss  Newbiggin. 

These  investigations,  it  may  be  mentioned,  form  part  of  a  series  which 
are  being  conducted  with  a  view  of  ascertaining  the  value  for  breeding 
purposes  of  salmon  entering  the  rivers  at  different  seasons  of  the  year. 
The  results  obtained  from  the  completed  portion  of  Dr  Noel  Paton's  in- 
vestigations, some  of  which  I  have  had  the  pleasure  of  discussing  with 
him,  seem  to  be  of  the  greatest  interest,  and  will  throw  much  additional 
light  on  this  important  problem. 

The  investigations  already  recorded  in  the  Appendices  to  Part  II.  of 
the  previous  Reports  of  the  Board  establish  the  following  points : — 

1st.  That  9ome  salmon  spawn  annually,  although  there  is  strong 
negative  evidence  that  all  do  not  do  so  (Eleventh  Annual  Report,  p.  68). 

2nd.  That  the  growth  of  the  ovaries  has  already  begun  in  so-called 
*  spring '  salnon  which  ascend  some  rivers  in  the  earliest  months  of  the 
year,  and  that  it  proceeds  with  almost  mathematical  regularity  until 
maturity  is  reached  (Fourteenth  Annual  Report,  p.  15). 

3rd.  That  the  growth  of  the  ovaries  of  female  grilse  begins  at  a  later 
date  than  that  of  female  salmon,  but  that  both  arrive  at  the  sexually  ripe 
condition  at  about  the  same  time  (Fourteenth  Annual  Report,  p.  21). 

4th.  That  the  weight  of  the  genitalia  bears  approximately  the  same 
proportion  to  the  weight  of  the  body  in  large  as  in  small  female  salmon 
(Fourteenth  Annual  Report^  p.  11). 

5th.  Tliat  salmon  which  remain  in  the  sea  to  the  end  of  August  con- 
tinue to  feed :  this  is  shown  by  the  presence  of  food  in  the  stomachs  of 
some  salmon,  and  by  an  absence  up  to  that  time  of  any  diminution  in 
weight  of  the  remaining  organs  of  the  body,  notwithstanding  the  growth 
of  the  ovaries  (Fourteenth  Annual  Report,  p.  29). 

Evidence  with  regard  to  the  growth  and  migration  of  salmon  is  still 
very  incomplete,  but,  as  far  as  it  has  been  collected,  it  shows  (1)  that  a 
grilse  may  become  a  salmon  of  25  to  30  lbs.  in  three  and  a  half  years 
(Eleventh  Annual  Report,  p.  69)  ;  and  (2)  that  salmon  are  caught  on  the 
sea  coast  at  a  considerable  distance  from  rivers  where  they  were  marked 
(Eleventh  Annual  Report,  p.  70). 

With  regard  to  salmon  disease  it  has  been  shown  that,  in  the  earlier 

months  of  the  epidemic,  males  succumb  in  greater  numbers  than  females 

(J^leventh  Annual  Report,  p.  74). 

1^^  In  1895  a  Royal  Commission  was  appointed  *  to  inquire  into  the  salmon 

Commiaiioii      <  and  fresh  water  fisheries  of  the  river  and  mouth  or  entrance  of  the  river 

IVeed  and       i  rp^g^  including  the  tributaries  of  that  river,  and  all  the  portion  of 

^*^'  *  the  sea  comprised  within  the  area  of  the  present  Tweed  Acts,  im4  ^^ 


Digitized  by 


Google 


'  method  of  fishing  therein  used,  the  right  affecting  the  said  fisheries  and 

*  the  laws  applying  thereto,  and  the  operation  of  such  laws ;  and  also  into 
'  the  fisheries  of  the  Solway  Firth,  with  the  rights  affecting  the  same, 

*  the  methods  of  fishing  there  used,  together  with  the  laws  applying 

*  to  the  said  fisheries,  and  also  the  operation  of  the  Solway  Act  and 

*  other  statutes  relating  to  the  fisheries  of  the  Solway,  and  to  report 
'  thereon  and  make  such  recommendations  relating  thereto  as  they  may 

*  think  fit'  The  Commission  issued  their  report  with  regard  to  the 
Tweed  in  June  last,  and  that  with  rqg^  %o  the  Solway  in  August  fol- 
lowing. 

I  have  the  honour  to  be, 

Your  obedient  Servant, 

WAI/TEE  BL  ARCHER. 


The  Fishsbt  Board  for  Scotland, 
l$t  AprU  1897. 
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NOTE    I. 


THE  FOLLOWING  QUERIES  HAVE  BEEN  SENT  TO 
CLERKS  OF  DISTRICT  BOARDS  :— 

Take  of  Fish— 

1.  Has  the  take  of  fish  in  your  district  in  1896  been  above,  about,  or  below 
the  average. 

(a)  In  tidal  waters  ? 
(6)  In  fresh  waters  ? 
(c)  In  fixed  engines  f 

Generally  throughout  the  district  t 
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2.  Can  you  give  the  number  of  fish  caught  in  your  district,  exactly  or 
approximately  ? 

ia)  By  net  and  coble  ? 
6)  By  fixed  engines  ? 
(c)  By  rods  ? 

8.  At  what  period  of  the  year  in  your  district  during  1896 — 
(a)  Were  the  first  clean  fish  taken  ? 
Q>\  When  was  the  main  take  of  salmon  ? 
(c)  Wheu  did  the  grilse  and  sea-trout  run  ? 

4.  In  order  that  accurate  records  be  kept  as  to  whether  the  run  of  salmon  in 

^'our  district  is  becoming  earlier  or  later,  it  is  desirable  that  you  should, 
if  possible,  obtain  and  furnish  me  with  statistics  of  the  percentage  of 
fish  taken  in  each  month — 

{a\  By  net  and  coble  ? 

(6)  By  fixed  engines  ? 

5.  What  was  the  weight  of  the  heaviest  salmon  or  trout  caught  in  your 

district  in  1896— 

{aS  By  net  and  coble  ? 
(6)  By  fixed  engines  ? 
(c;  By  rods? 

Protection — 

1.  Please  state  the  amount  of  the  assessable  rental  of  your  district  in  1896  7 

2.  What  was  the  assessment  levied  thereon  during  this  year  ? 

3.  State  the  number  of  water  bailiffs  employed  in  your  district  in  1896  ? 

4.  Were  any  prosecutions  instituted  under  the  Salmon  Fishery  Acts  in 

1896  ?    If  so,  for  what  offences  were  they  instituted,  and  what  was  the 
result? 

Obstructions  to  the  Passage  of  Fish — 

1.  Qive  full  particulars  of  any  dams  destroved  or  given  up  in  your  district 

in  1896  ;  or  any  new  dams  built  or  old  dams  cdtered  ? 

2.  Have  any  cniives  in  your  district  not  been  fished  during  1896  ? 

3.  Are  the  dams  and  cruives  in  your  district  worked  in  accordance  with  the 

provisions  of  the  bye-laws  (Schedule  F  and  0)  regulating  the  same  ? 
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4.  Hftve  any  fish-pafises  been  built  or  altered  in  1896  ? 

5.  Do  the  existing  fish-passes  afford  at  all,  or  any,  or  at  what  times  a  free 

passage  to  saunon  wishing  to  ascend  ? 

6.  Have  any  natural  obstructions  been  opened  up  during  1896  ? 

7.  Generally,  have  any  acts  been  done  either  bv  new  fisheries  being  started, 

old  fisheries  not  being  used,  or  in  any  other  way  whereby  the  ascent 
of  fish  has  been  influenced  ?  If  so,  state  fully  what  changes  have  tiJLen 
place. 

Pollutions — 

1.  Were  there  any  fresh  causes  of  river  pollution  introduced  in  your  district 

in  1896  ? 

2.  Were  any  steps  taken  in  1896  to  remove  causes  of  pollution  ;  and  if  so, 

were  they  attended  with  success  ? 

rhe  Salmon  Disease — 

1.  Has  the  salmon  disease  shown  itself  in  your  district  this  year?*  If  so, 

when  did  it  first  make  its  appearance  ?    When  was  it  at  its  height  ? 
When  did  it  disappear  ? 

2.  What  was  the  level  of  the  river  during  the  prevalence  of  the  salmon 

disease? 

3.  Can  you  state  the  number  of  diseased  salmon  taken  from  the  river  in  each 

month,  specifying  what  proportion  was  male  and  what  female,  what 
kelts.  ana  what  clean  fish  ? 
4  GeneraUy,  have  you  any  remarks  or  suggestions  to  make  with  regard  to 
the  salmon  disease  ? 

The  Spawning  Season — 

1.  What  was  the  earliest  date,  during  the  season  of  1895-96,  on  which 

salmon  were  noticed  spawniug  ? 

2.  Between  what  dates  did  the  greatest  number  spawn  ? 

3.  When  did  the  spawning  season  finish  ? 

4.  What  was  the  level  of  the  river  during  the  spawning  season  ? 

5.  Were  the  numbers  of  spawning  fish  more  or  less  than  usual  ? 

6.  Which  are  the  principal  spawning  streams  in  your  district  ? 

Kelts— 
i.  Un  what  date,  during  last  season,  were  kelts  first  noticed  migrating  sea- 
wiurds? 

2.  When  did  the  chief  migration  take  place  ? 

3.  When  was  the  river  free  from  kelts  ? 

4.  What  was  the  level  of  the  river  during  the  period  kelts  were  migrating  ? 

Smolts — 

•    1.  On  which  dates,  during  the  year,  were  smolts  noticed  migrating  ? 
2.  Was  it  a  good  smolt  year  ? 

Artificial  Propagation  of  Salmon — 
Is  there  any  hatchery  in  your  district  for  the  artificial  propagation  of  salmon 
and  trout,  either  belonging  to  the  District  Board  or  supported  by  private 
enterprise  ?    If  so,  describe  its  situation,  and  state  how  many  fish  can 
be  hatched  out  in  it  annually. 

Proportion  of  Male  to  Female  Salmon — 
C^  you  state  the  proportion  of  the  male  to  the  female  salmon  in  your  district 
or  river,  specifying  whether  your  return,  so  far  as  it  goes,  is  based  upon 
an  estimate  or  on  actual  enumeration  ? 

Qeneral  Question — 

Are  there  any  other  points  relating  to  the  salmon  fisheries  in  your  district 
to  whidi  you  would  wish  to  direct  the  attention  of  the  Board,  in 
addition  to  those  suggested  by  the  preceding  queries  ? 
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km^mis  TO  tai:  H'oregoiho  (Juestioits. 


TSE  bJBTRIOf  OF  TBE  BIVMB  FORTH, 

Tate  df  Fish— 

1.  (a)  and  (6)  Above  the  average  in  tidftl  ittd  ti^lth  waiteH ;  (•)  hMk  engines 

not  quite  so  good  ;  {d)  above  the  average  generally  except  (c). 

2.  (a),  (5^  and  (c)  No  means  of  knowing.    The  tenants  wHi  ^td  lid  inib^ 

miltion. 
1  (ti)  llth  February  ;  (6)  July  tod  Atignst ,«  (<$)  grflM  iii  Jiin^  n^trout  all 

the  season. 
4.  (d)  and  (5)  No  ineans  of  knowing.    The  ^nahts  Will  give  no  idfoirMation 
6.  (a)  68  lbs. ;  (6)  tio  information  ;  (c)  38  lbs. 

Protectioii — 
1.  £3617. 
^.  Ss.  6d.  per  i, 

3.  Twelve. 

4.  Yes,  20  cases.    Convictions  followed  in  16,  and  in  4  cases  the  accused 

were  found  not  guilty.  The  prosecutions  were  iiMtifutad  for  fishing 
with  nets  aftet  c1os6  time ;  fidhin^  for  ot  taking  lilnrdn  with  dri^-hooks, 
gaffs,  roe,  etc. 

Obstructions  to  the  Passage  of  Fish — 

1.  None. 

2.  None. 

3.  Yes. 

4.  Two,  one  on  the  Ardoch  at  Doune,  and  one  on  the  Tyne  at  East  Linton. 

6.  Yes. 

e.  »6. 

7.  No. 

Pollutions — 

1.  Wb. 

2.  No.    No  causes  of  pollution  reported. 

The  Salinoii  t)isdise — 
1.  Yes.    About  15th  December  1895  ;  in  th6  Md  e^  Jinitiff  |  it  thll  ei^  of 

March. 
|.  M^edium  level. 

3.  780  m^es,  25^  iemalesL  frotn  fifdt  Week  of  B^(ieDib§f  1895  td  «lkd  of  iMrch 

1896.    They  wefe  all  kelts. 

The  Spawning  Season — 
1.  19th  November  1895 ;  15th  November  1696. 
|.  15th  Novemt^f  t6  kH^  of  Decetiiber. 

3.  About  the  end  df  Jkndlkry. 

4.  Medium  leveL 

5.  More. 

6.  Teith,  Allan,  and  Forth. 

1.  First  week  of  December  1895. 

2.  January  and  February  ^896. 

3.  End  of  April  1896. 

4.  Medium  leveL 
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Smolts — 

1.  April  and  Maj  1896. 

2.  Yes. 

Artificial  Propagation  of  Salmon — 
No. 

Proportion  of  Male  to  Female  Salmon — 

€reneral  Question — 
tile  inlnries  to  fishings  by  drift  or  hang-n^t  fi^in^  iil  the  Forth  between 
AUoa  and  Culross. 


THE  DISTRICT  OF  THE  RIVER  TAY, 

* 

Take  of  Fish— 

1.  (aX  (b\  (c)  and  (d)  Best  season  all  over  since  1885. 

2.  (a),  (b)  and  (c)  No  possibility  of   getting  at   anything  like    correct 

numbers. 

3.  (a)  11th  February  when  fishing  opened,  clean  salmon  in  Tay  at  all 

seasons  ;  (6)  July ;  (c)  grilse  latish  (end  of  May). 

4.  (a)  and  (6)  No  means  of  getting  at  this  except  by  weight  of  salmon  sent 

by  rail. 

5.  (a)  69i  lbs.  ;  (b)  46  lbs.  ;  (c)  43  lbs. 

Protection — 

1.  Upper,  £6934,  6s. ;  Lower,  ;£10,246,  i2s.  9d.     Total,  il7,160,  11  A,  9d. 

2.  £1374,  9s.  4d.,  being  at  8  pr  cent.    Special  assessment  on  upper  pro- 

prietors for  compensation  lor  removal  of  nets  above  Linn  of  Ca!nt)8ie  at 
12  per  cent.,  £271,  Is.  lid. 

3.  Twenty. 

4.  Yes,  34,  involving  67  persons,  all  of  whom  were  convicted.    Breaches 

of   weekly  and    annual    close    time,  fishing  without    leave    of   the 
proprietor,  etc. 

Obstructions  to  the  Passage  of  Fish — 

1.  No  change. 

2.  No. 

3.  Yes. 

4.  No. 

5.  There  are  no  fish  passes  except  on  Ericht,  and  they  are  uselesb 

6.  No. 

7.  I  don't  think  there  is  any  change. 

Pollutiona — 

1.  No  ;  except  perhaps  that  as  the  population  is  increasing  that  may  a<id  a 

little  to  pollution. 

2.  No. 

The  Salmon  Disease — 

1.  About  end  of  November  (not  so  bad  as  formerly). 

2.  Usual  winter  size. 

3.  About  800.    Chiefly  spawned  salmon  and  mostly  male  fish. 

4.  I  do  not  think  that  spate  or  small  water  make  any  difference  as  to  disease. 

The  Spawning  Season — 

1.  First  week  of  November. 

2.  From  10th  November  till  10th  December. 

3.  About  middle  of  January. 

4.  Average  size  perhaps  on  the  heavy  side. 

5.  Rather  less. 

6.  A  large  number  ;  no  room  for  names  of  them. 
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Kelts— 

1.  I  think  kelts  go  down  in  December. 

2.  April 

3.  June. 

4.  Small  freshets  and  bright  weather. 

Smolts — 

1.  Smolts  were  early. 

2.  Splendid. 

Artificial  Propa^Ktion  of  Salmon — 
Hatchery  at  Dupplin  on  the  Earn  belonging  to  Fishery  Board  hatches 
670,000. 

Proportion  of  Male  to  Female  Salmon — 
No  idea.    When  fishing  for  salmon  to  get  ova  they  seem  fairly  level  as  to  sex . 


THE  DISTRICT  OF  THE  RIVER  SOUTH  ESK. 

Take  of  Fish— 

1.  Below  average  throughout  the  district. 

2.  (a),  (6)  and  (c)  No. 

3.  (a)---  -• 


3.  (a)  16th  February  ;  (&)  July ;  (c)  July. 

a)  and  (6)  Unable  to  furnish  this  information. 
'  '  32  lbs.  ;  (6)  40  lbs.  ;  (c)  33  lbs. 


4.  (a)  I 
6.  (a) 


Protection — 

1.  £3149. 

2.  Ten  per  cent  on  rentals. 

3.  Nine  men,  including  River  Superintendent. 

4  Five  prosecutions ;  chiefly  for  using  cleeks  or  drags.    All  convicted. 

Obstructions  to  the  Passage  of  Fish — 

1.  No  changes. 

2.  No  cruives  in  district 

3.  No  cruives  in  district 

4.  One  built  at  New  Mill,  Craigessie. 

5.  Yes ;  during  average  size  of  water. 

6.  No. 

7.  None. 

Pollutions. 

1.  No. 

2.  No. 

The  Salmon  Disease— 

1.  First  seen  December  1895  ;  was  at  its  height  January  1896. 

2.  Twelve  inches  above  ordinary  size. 

3.  279  in  all  taken  ;  all  got  in  January  and  February  1896  ;  228  males  and 

51  female  fish  ;  all  kelts. 

4.  No. 

The  Spawning  Season — 

1.  14th  October  1895. 

2.  From  26th  November  1895  to  1st  January  1896. 

3.  About  10th  January  1896. 

4.  About  12  inches  above  ordinary  size. 

5.  More. 

6.  Kinnaird,  Brechin,  Tannadice,  New  Mill,  Shiell  Hill,  and  most  in  the 

Stream  of  Proeen. 
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Eelto— 
1.  S4th  FebroAZT  1896. 
8.  During  moath  of  Marcli. 

3.  About  17th  June. 

4.  Generally  when  river  about  12  to  24  inches  above  usual  size. 

Smolts — 

1.  First  seen  on  30th  March.    Continued  migrating  until  July. 

2.  Yes. 

Artificial  Propa^tion  of  Salmon. 
No  hatchery  m  district. 

Proportion  of  Male  to  Female  Salmon — 
Mostly  males  during  spawning  season.    Return  based  on  estimate  and  as 
shown  on  Fords. 

General  Question — 
Na 


THE  DISTRICT  OF  THE  RIVER  NORTH  ESE. 

Take  of  Fish— 

1.  (a),  (5),  (c)  and  (d)  Salmon  about  the  average.    Grilse  very  much  below. 

2.  (a),  (6)  and  (c)  No. 

3.  (a)  1 6th  February ;  (h)  and  (c)  June  and  July. 

4.  (a)  and  (h)  Cannot  give  statistics  of  per  centage. 
6.  (a)28  lbs. ;  {b)  40  lbs. ;  (c)  33  lb& 

Protection — 

1.  ;£6640. 

2.  £369, 14fl. 

3.  Fourteen  with  Superintendent. 

4.  Na 

Obstructions  to  the  Passage  of  Fish — 

1.  None. 

2.  No  cruives 

3.  Yes. 

4.  No. 

5.  They  afford  a  free  passage  for  the  ascending  fish  at  all  times  when  there 

is  water  enough  m  the  river  to  supply  the  passes. 

6.  No. 

7.  No. 

Pollutions — 
i  and  2.  No  pollutions. 

The  Salmon  Disease — 

1.  Yes.    In  October.    There  are  diseased  fish  found  throughout  the  season. 

2.  Low. 

3.  About  175  during  the  year :— Spawned—male  112,  female  14  .        .    126 

Unspawned — Male    24,  female  25  .        .49 

Total,        176 

4.  Na 

The  Spawning  Season — 

1.  Middle  of  November. 

2.  Between  15  th  December  and  15th  January. 
3l  About  end  of  January. 

4.  About  an  average. 
C 
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6.  About  an  average. 

6.  Gannochy,  Bang's  Ford,  Pert  Ford,  Stob  Ford,  Botihy  iStream,  Peter's 
Stream,  Bailie  Middleton's  Stream,  Broad  Rack,  and  Bridge  Streams. 

Kelts— 

1.  About  end  of  January. 

2.  February. 

3.  May. 

4.  Half-flood  and  floods. 

Smolts — 

1.  In  ApriL 

2.  Very  good. 

Artificial  Propagation  of  Salmon — 

No. 

Proportion  of  Male  to  Female  Salmon — 
Estimate  two-thirds  males,  and  one-third  females. 


THE  btSTRlCT  Of  THE  RIVER  BERVlB. 
Take  of  Fish— 


1.  (a),  (b\  (c)  and  (d)  About  an  average. 

2.  (a),(6)a 


2.  {a\  (6)  and  (c)  No. 

3.  la)  At  opening  on  25th  tebruary  1896 ;  (6)  July  and  August ;  (c)  July. 
4  (a)  and  (6)  Cannot. 

6.  (a)  Trout  6  to  8  lbs. ;  (6)  salmon  fully  60  lbs. ;  (c)  salmon  20  lbs. ;  ttout  6 
to  8  lbs. 

Protection — 

1.  £1070,  13s. 

2.  14  per  cent 

3.  Six. 
4  No. 

Obstructions — 

1.  None. 

2.  No  cruivesi 

4  No. 

6.  When  river  in  flood. 

6  and  7.  No. 

Pollutions — 


The  Salmon  Disease — 

1.  Yes,  but  very  slight^  only  5  fish  got  in  January. 

2.  Ordinary. 

3.  Only  6  all  the  season,  2  males  and  3  females. 

4.  Disappearing. 

The  Spawning  Season — 

1.  October. 

2.  November  to  January. 

3.  End  of  January. 

4.  Average  level  to  half  flood 

5.  More. 

6.  Bervie  Water. 
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KelU- 

1.  End  of  January. 

2.  February. 

3.  March. 

4.  High  level 

Smolts— 

1.  MayandJune. 

2.  Yes. 

General  Question — 
About  3  females  to  1  male— estimate. 


TBB  DISTRICT  OF  THE  RIVER  DEE  (ABEADEJSNSJ^IRJS). 

Take  of  Fish— 

1.  (aX  (b\  (c)  and  ((Q  Salmon  rather  above  average.    Orilse  r&thdr  Under 

and  late. 

2.  (a),  (b)  and  (c)  No. 

3.  (a)---       • 


11th  Febniary;  (&)  in  April  and  June;  (c)  first  grilse  taken  on  sea  coasts 
on  28th  April.    In  river  on  15th  Ma^*    Qrilse  most  plentiful  in  July. 

4.  (a)  and  (5)  No  information  on  these  points. 

5.  (a)  41  lbs.  ;  (&)  45  lbs. ;  (e)  40  lbs. 

Protection — 

1.  £14,592,  188.  3d. 

2.  Seven  per  cent. 

3.  Twenty-three. 

4.  Tweul^-two  prosecutions,  implicating  36  persons.   Twenty  convicted,  and 

2  not  proven.  Fines  ranged  from  5s.  to  308.  with  expeUitefl.  Otie 
offender  detected  deepatchmg  boxes  of  salmon  bjr  rail  in  close  iime  ; 
compromised  the  case  by  a  payment  of  £60.  Off^lic^  generally  lor 
taking  salmon  by  cUpa  atld  fdr  J>os6e88ion  of  foul  fish. 

Obstructions  to  the  Passage  of  Fish — 

1.  None. 

2.  No ;  no  cruives  in  district. 

3.  Yes. 

4.  No. 

5.  No  passes  of  an  artificial  kind. 

6.  No. 

1  Kothing  of  thia  kind  In  1896. 

Pollutions — 

1.  No. 

2.  Unnecessary. 

The  Salmon  Disease — 

1.  Yes,  to  a  considerable  extent;  first  observed  16th  February;  Worst  in 

Aprilf  and  disappeared  at  end  of  May. 

2.  Low. 

3.  700  altogether. 


100  in  February  'J  ^^^^  «,oiaa     ) 


[  diseased, 
in  May        J  '^  '^™*^  > 

TOO 


iifo 


Hid  S)>awning  Seasoii— 
1.  15th  October. 
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2.  In  upper  reaches  from  October  to  December.    Lower  from  let  December 

to  middle  of  January. 

3.  Practically  at  end  of  Januaiy. 

4.  Very  high. 
6.  Far  more. 

6.  The  river  itself,  but  particularly  in  the  tributaries  of  Feugh,  Gavin,  Muick, 
and  Clunie. 

Kelts— 

1.  let  December. 

2.  End  of  April  and  early  in  May. 

3.  Never  quite  dear. 

4.  Average. 

Smolts— 

1.  Early  in  April. 

2.  Yes. 

Artificial  Propagation  of  Salmon — 

The  Board  nave  erected  a  hatchery  at  Drum,  about  11  miles  from  Aberdeen, 
and  keep  it  up.  Ova  put  into  it  in  1896,  about  a  million — a  large  percentage 
of  which  develop  and  are  put  into  the  river. 

Proportion  of  Male  to  Female  Salmon — 
No  information. 

General  Question — 
NojQe. 

THE  DISTRICT  OF  THE  RIVER  DON. 

Take  of  Fish— 

1.  (a\  Q>\  (c)  and  ((Q  Below  the  average  over  all. 

2.  ra),  (6)  and  (c)  No. 

3.  (a)  11th  Feoruary ;  (6)  end  of  July  and  first  days  of  August ;  (c)  12th 

May  grilse  first  seen  ;  sea  trout  11th  February. 

4.  (a)  and  (6)  No  information. 

6.  (a)  30  lbs. ;  (6)  45  lbs. ;  (c)  39  lbs. 

Protection — 

1.  £3682,  17s.  2d. 

2.  18  per  cent 

3.  Seventeen. 

4.  Fourteen  prosecutions,  all  convicted,  for  taking  salmon  with  dips,  etc., 

and  for  possession  of  unseasonable  fish;  fined  from  10s.  to  30s.,  with  costs 
of  about  £1 ;  few  pay  fines,  majority  go  to  prison. 

Obstructions  to  the  Passage  of  Fish— 

1.  None. 

2.  No. 

3.  Yes. 

4.  No. 

6.  Fish  can  ascend  when  river  is  at  or  above  the  ordinary  level ;  when  low, 
there  is  difficulty,  and  sometimes  impossible. 

6.  No. 

7.  ^one. 

Pollutions — 

1.  No  fresh  causes  of  pollution,  but  impurity  increases  as  the  population  of 

Woodside  increases. 

2.  Negotiations  have  been  going  on  for  some  time  between  the  County 

Council,  the  fishing  proprietors,  and  the  mill-owners  for  diminishing 
the  evil,  which,  it  is  hoped,  will  end  in  the  adoption  of  some  scheme 
which  will  have  the  desired  effect. 
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The  Salmon  Disease— 

1.  Disease  has  been  present  to  some  extent  *  appeared  first  on  8th  January, 

worst  in  April,  disappeared  about  middle  of  October. 

2.  Low. 

a.  38  altogether  : 

8  in  January     ^ 

7  in  February    I  4  ^^i^ 

12  S  ApS  (Others  all  spent  female  fish. 

2  in  October      J 


4.  No. 

The  Spawning  Season— 

1.  30th  of  October. 

2.  From  10th  December  to  10th  January. 

3.  Practically  at  end  of  January. 

4.  High. 

5.  More. 

6.  Upper  river  about  Alford  and  Kildrum. 

Kelts— 

1.  Always  a  few. 
>    2.  Greatest  number  in  May  and  June. 

3.  Never  quite  free. 

4.  Small 

Smolts — 

1.  Eaii^  in  May  and  June. 

2.  A  fair  average. 

Artificial  Propagation  of  Salmon — 
The  Board  contribute  to  a  hatchery  at  Fish  Street,  Aberdeen,  in  which  about 
60,000  ova  are  put  yearly,  a  large  percentage  of  which  develop  and  are 
put  into  the  Dee  and  Don. 

Proportion  of  Male  to  Female  Sainton — 
No  information. 

General  Question — 
None. 


THE  DISTRICT  OF  THE  RIVER  TTHAN. 

Take  of  Fish— 

1.  (a\  Above  average  ;  {h)  below  avera^ire ;  (c)  and  (d)  above  average. 

2.  (a)  and  (&)  Cannot  obtain  this  information  ;  (c)  about  150  salmon. 

3.  (a)  25th  February  ;  (6>Auffust ;  (c)  Au^st 


4  (a)  and  (5)  Cannot  obtain  this  information, 
(o^  Cannot  obtain  th'     "   ' 
lbs.,  sea  trout  6  lbs. 


5.  (a)  Cannot  obtain  this  information ;  (6)  salmon  34  lbs. ;  (e)  salmon  31 


Protection — 

1.  £1023, 16s.  8d. 

2.  2s.  9d,per  £ 

3.  One  aU  the  year  round,  and  four  additional  at  various  dates  frt)m  Novem- 

ber to  March. 
4  One — for  neglecting  to  remove  leaders  during  the  weeklv  close  time. 
There  was  conflicting  evidence  as  to  the  weather,  and  the  charge  was 
found  *  Not  proven.* 
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Obstructions  to  the  Passage  of  Fish— 

1.  None. 

2.  No  cruives  in  diitdet. 

3.  The  dams  are  so  worked. 

4.  No. 
6.  Yes 

6.  There  are  none. 

7.  Nothing  has  been  done. 

Pollutions — 

1.  No. 

2.  No. 

The  Salmon  Disease — 

1.  Yes,  January,  February,  April. 

2.  Not  observed. 
3. 


Month. 

Ff*"'         «»••• 

Female. 

DlMased. 

Not 
Pifieascd. 

1895 
September, 
December, 

1896 
January, 
February, 

March,    .         .        . 
April,      . 

1 
1 

83 
265 
117 

60 

"i 

81 

240 

81 

81 

1 

2 

25 
86 
19 

"i 

W 

U7 

50 

1 

8 
18 

Total,  . 

467 

884 

88 

440 

27 

4.  No. 

The  Spawning  Season — 

1.  About  the  end  of  November  1Q95. 

2.  Between  1st  December  and  3lBt  Jsiiu^ry. 

3.  Februarv. 

5.  About  the  same  as  usual 

6.  Ythan,  Ebrie,  Little  Water,  Bronie,  Fordoup. 

f 
Kelts— 

1.  Not  observed. 

2.  March. 

3.  May. 

4.  Not  observed. 

Smolts — 

1.  May. 

2.  Good. 

Artificial  FrofNi^tioii  of  Saloafla— - 
No. 

prMDortion  of  Male  te  F0ttak  Salmon— 
Tne  head  water  bailiff  reports  an  estimate  of  4  make  to  3  foi^ales. 

General  Question — 
No. 

THM  DISTRIOT  OF  THM  RITER  UGIM. 

Take  of  Fish--- 
1»  (a)  Below  the  avenge ;  if)  above  tba  ayentts  \  {«)  and  OO  *bout  the 
average. 
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2.  (a)  About  800  sea  trout ;  (6)  5800  salmon  and  grilse ;  (c)  86  salmon  and 

grilse,  and  400  sea  trout. 

3.  (a)  February  27tb ;  (&)  August  and  September ;  (c)  August^  September, 

and  October. 

4.  (a)  and  (h)  The  salmon  fishings  are  in  the  bands  of  private  enterprise,  and 

&e  tacksmen  decline  to  give  th^  ii^on^a^pn  of  J^e^p  record^. 

5.  (a)  7  lbs.  ;  (6)  38  Jbe.  ;  (c)  30^  lU 

Protection — 

1.  £603. 

2.  jC28,  7&  9d.,  at  the  rate  of  Is.  l-55d.  in  the  £. 

3.  Five. 

4.  One  prosecution  for  poaching,  which  resulted  in  a  conyicUon. 

Obstructious  to  the  Passage  of  Fish — 

1.  There  have  been  no  dams  destroyed,  ^ven  up,  or  altered  ip  wy  w^y 

during  the  year  1896. 
2  and  3.  ifone  of  the  dams  or  cruives  in  this  district  have  been  worked 

during  the  year  1896. 

4.  If  o^e. 

^.  The  d^ma  at  EngUshmiU  and  ]cUve^scrai^  af ord  a  fre^  passage  at  all 
times.  The  dams  higher  up  the  river  afford  pasaog^  Qnjy  when  the 
river  is  at  least  half -flood. 

6.  None  that  I  know  of. 

7.  No. 

Pollutions — 

1.  None  so  far  as  I  am  aware. 

5.  The  pollution  irom  a  woollen  manufactory  referred  to  in  last  year's 

Beport  l^as  been  removed.    No  other  steps  have  been  takep. 

The  Salmon  Disease— 

1.  Yes.    The  disease  first  appeared  on  the  3rd  of  February.    It  rea(^ed  its 

height  in  April,  and  disappeared  in  May. 

2.  Low. 

3.  February,  3 ;  March,   1 1 ;  Apnly  23 ;  May,  6.    The  proportion  was  6 

males  to  3  females. 

4.  Disease  seems  to  be  falling  off  here,  the  affectad  fis^  being  all  kelts. 

The  Spawning  Season — 

1.  23rd  November  1895. 

2.  1st  December  1895  and  16th  January  1896. 

3.  About  the  end  of  January. 

4.  Half-^ood. 

5.  Less  than  usual 

6.  Stonemill,  Bathlaw,  and  North  Ugie. 

Kelts— 

1.  3rd  February. 

2.  In  March. 

3.  In  May. 

4.  Mostly  half -flood. 

Smolts— 

1.  Mostly  during  the  last  week  of  April  and  the  first  fortnight  of  May 

2.  Yea. 

Artificial  Propagation  of  Salmon — 
There  is  a  smaU  hatchery,  but  it  has  been  abandoned,  and  them  ar^  no 
means  in  use  for  the  artificial  propagation  of  salmon  and  trout 
Proi>ortion  of  Male  to  Female  Salmon — 
ilia  estimated  that  th%  proportioa  is  ^bout  5  malfis  to  8  lemiloi,  but  tib^re  is 
no  reliable  information. 

General  Questions— 
None. 
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THE  DISTRICT  OF  THE  RIVER  DEVERON. 

Take  of  Fish— 

1.  (a\  Above  ;  (6)  about;  (c^  above  ;  {d)  above. 

3.  la)  11th  February  ;  (6)  February  and  August  ;(c)  July. 

6.  (a)  32  lbs.  ;  (6)  41  Ibe. ;  (c)  36  lbs. 

Protection — 

1.  £2468,  138. 

2.  28.  9d.  per  £. 

3.  Nine  watchers. 

4.  No. 

Obstructions  to  the  Passage  of  Fish— 
1-7.  No  change  since  last  year. 

Pollutions — 
1  and  2.  The  question  of  the  pollution  of  the  Isla,  which  is  a  tributary  of 
the  Deveron,  is  enga^png  the  attention  of  the  Public  Health  Committee 
of  the  County  CounciL 

The  Salmon  Disease — 

1.  Yes.    2nd  January.    February.    Disappeared  in  ApriL 

2.  Low. 
3. 


Sex. 

November. 

December. 

January. 

February. 

March. 

April. 

Males,    . 
Females, 

21 
11 

46 
16 

51 
14 

81 
27 

42 
14 

7 
11 

Total,    . 

82 

61 

66 

108 

66 

18 

The  Spawning  Season — 

1.  20th  October. 

2.  1st  November  and  14th  December.  * 

3.  Ist  March. 

4.  Half-flood. 
6.  More. 

6.  Well  distributed  over  the  river. 

Kelts— 

1.  28th  November. 

2.  17th  ApriL 

3.  25th  M^y. 

4.  Half-flood. 

Smolts — 

1.  17th  April ;  4th  and  25th  May. 

2.  Yes. 

Artificial  Propagation  of  Salmon — 
There  is  a  hatchery  within  the  policies  of  Duffhouse,  capable  of  hatching 
100,000. 

Proportion  of  Male  to  Female  Salmon — 
Fish  killed  by  net  and  cobble,  1  male  to  4  females. 
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General  Question— 

The  qaestion  of  the  size  of  the  Duke  of  Fife's  cruives  has  been  submitted  on 
special  case  between  His  Grace  and  the  Board  for  the  determination  of 
the  First  Division  of  the  Court  of  Session.  The  case  is  expected  to  be 
heard  before  the  close  of  the  year. 


THE  DISTRICT  OF  THE  RIVER  SPEY, 

Take  of  Fish— 

1.  (a)y  (6),  (c),  and  (rf)  About  an  average  for  salmon,  but  grilse  scarce. 

3.  (a)  llih  February  ;  (6)  salmon  plentiful  all  the  season  ;  (c)  grilse  during 

July ;  sea-trout  May  ;  both  very  scarce  this  season. 
5.  (a)  44  lbs. ;  (6)  40  lbs. ;  (c)  37  lbs. 

Protection — 

1.  Assessable  rental,  year  1896-97,  £9637,  15s. 

2.  Assessment  levied,  2s.  4d.  per  £=£1124,  8s.  Id. 

3.  One  superintendent,  one  inspector,  and  forty-four  bailiffs. 

4.  See  Report 

Obstructions  to  the  Passage  of  Fish — 

1.  One  old  dam  dyke  and  fish  pass  overhauled  and  improved  on  the  Dullan 

at  Pittyvaich  Distillery,  Dufftown. 

2.  No  cruive  dyke  in  use  in  the  district  during  the  season. 

3.  Yes. 

5.  Yes  generally. 

Pollutions — 

1.  Distilleries  always  increasing  in  the  district,  but  the  pollution  from  these 

during  the  last  year  or  two  has  been  somewhat  reduced  by  the  distillers 
introducing  filtering  systems.  Two  or  three  of  said  filtering  systems 
have  not  yet  been  fully  finished,  but  it  is  expected  they  will  be  so 
before  long. 

The  Salmon  Disease— 
I    See  Report 

2.  NormaL 

3.  See  Report 

The  Spawning  Season-^ 

1.  See  Report 

2.  Between  16th  October  and  end  of  November. 

3.  End  of  February. 

4.  NormaL 

5.  See  Report. 

6.  See  Report 

Kelts— 

1.  26th  November. 

2.  February. 

3.  June  to  August 

4.  Somewhat  high, 

SmoltB— 

1.  See  Report 

2.  See  Report 

Artificial  Propagation  of  Salmon — 

Yea.    See    Report  on    Duke  of  Richmond   and    Gordon's   hatchery    at 
Fochabers. 

Proportion  of  Male  to  Female  Salmon — 
In  the  upper  reaches  of  the  river  the  males  and  females  may  be  about  equal 
in  number ;  in  the  lower  the  females  largely  predominate. 
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The  following  is  a  copy  o(  the  Superintendent's  Annual  Report  for  the  year 
ending  26th  Augnst  1896,  submitted  to  the  meeting  of  the  Spey  District 
Board,  held  at  Elgin  on  the  23rd  October  1896  :— 

I. — Salman  Spavming, 

The  following  Table  shows  the  dates  of  the  first  appearance  of  salmon  spawn- 
ing beds,  and  the  number  seen  by  bailiffs  during  the  last  three  spawning 
seasons  on  ^e  following  named  streams  or  tributaries : — 

1893. 


Name  of  Streftm. 

Spawning  Commenced. 

No.  of  B«di 
for  Seaion. 

Fiddich     - 

6th  October  1893 

566 

Avon 

-      17th 

9) 

957 

Livet 

-      nth 

}) 

619 

Conglass    - 

-      12th 

9} 

267 

Lochy 

-      12th 

» 

69 

Dulnain     - 

-       13th 

)} 

616 

Nethy        - 

-       18th 

9) 

183 

Dniie 

-       14th 

)) 

244 

Feshie       - 

-       14th 

n 

770 

IVomie 

-      14th 

n 

168 

Tmim 

Spey  (above  Lamwn,  ] 

-     nth 

Badenocfa)  3rd 

75 
101 

Total 


4635  Spawning  Beds 


1894. 


Name  of  Stream. 

Spavnlng  Commenced. 

No.  of  Beda 
forSeaaon 

Fiddich      - 

- 

-      29th  2 

September  1894 

1008 

Avon 

- 

-       10th  October 

1316 

Livet 

. 

-       12th 

,} 

1735 

Conglass     - 

- 

-       12th 

n 

445 

Tjochy 

- 

-      24th 

.J    * 

115 

Dulnain     - 

- 

-       13th 

9) 

638 

Nethy        - 

- 

-       19th 

» 

435 

Druie 

- 

-       13th 

9f 

430 

Feshie 

- 

-       15th 

n 

767 

Tromie 

.. 

-      18th 

99 

204 

Truira 

Spey  (aboveLai 

Zcan.Bac 

-      15th 
lenoeh)  I2th 

99 

76 
45 

Total 


7214  Spmmg  Badf. 


1895. 


Name  of  Stream. 

Fiddich 

Avon 

Livet 

Conglass 
•  Lochy 

Dulnain 

Nethy 

Druie 

Feshie 

Tromie 

Truim 

Spey  (above  Laggan,  Badenoch)   15th 


Spawning  Commenced. 

No.offieds 
for  8ea9Q». 

1st  October  1895 

715 

15th 

9) 

1550 

16th 

99 

1300 

14th 

99 

273 

14th 

99 

90 

15th 

99 

420 

nth 

99 

429 

15th 

99 

153 

14th 

9* 

812 

16th 

9* 

158 

17th 

99 

159 

15th 

•) 

144 

6209  S$ftWli»g  Beds. 
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Tablb  of  Nine  Years'  Spawning  Beds. 

Totftl  Number  of  Beds  for  Year  1887  -  -  -  3849 

„  „  1888  -  -  -  5637 

„  „  1889  -  -  -  2932 

„  „  1890  -  -  -  2768 

„  „  1891  -  -  -  4591 

„  „  1892  -  -  -  5287 

„  „  1893  -  -  -  4635 

„  „  1894  -  -  -  7214 

^  „  1895  -  -  -  6203 

In  last  year's  Report,  under  the  Salmon  Spawning  Section,  I  was  able  to 
state  a  *  record '  wben  giving  the  season's  number  of  spawning  beds  counted 
oyer  the  tributaries,  and  comparing  same  with  the  numbers  counted  over  same 
tributaries  during  any  previous  season.  This  record  still  stands  unbroken, 
although  the  last  year's  spawning  season  was  certainly  a  first-class  one,  and 
stands  next  to  the  highest  on  record.  In  comparing  last  two  spawning  seasons, 
we  find  a  decrease  of  1011  sjmwning  beds.  To  find  out  where  the  decrease 
showed  itself,  we  first  find,  comparing  with  the  foregoing  season,  a  deficiency 
of  293  beds  on  Fiddich;  898  oeds  on  Avon  and  tributaries;  218  beds  on 
Dulnain ;  and  277  beds  on  Druie.  The  most  glaring  of  these  is  that  of  the 
Druie,  and  the  cause  of  the  falling  off  in  this  stream  is  accountable  in  a  great 
measure  to  the  bad  order  of  the  Dell  Sawmill  intake  on  the  Doune  of  Rothie- 
murehus  estate.  The  fish,  in  attempting  to  ascend  this  stream  to  the  spawning 
redds  above,  finding  the  acclivity  of  said  dam  dyke  to  be  diflficult  to  surmount, 
evidently  retraced  their  course  to  Spey,  and  thence  made  their  way  further  up 
the  river  to  the  hkher  reaches,  hence  the  possible  cause  of  the  material  increase 
of  beds  upon  the  Truim  Stream,  and  upon  the  Laggan  or  top  reaches  of  Spey 
district  The  season's  spawning  upon  the  River  Spey  from  Speymouth  up  to 
Boat  of  Garten  was  a  very  heavy  one.  No  attempt  is  made  to  count  the 
spawning  beds  oyer  this  stretch,  but  from  the  appearance  of  fish  and  their 
work  upon  all  the  spawning  fords  over  said  district,  more  especially  between 
Carron  and  Boat  of  Uarten,  the  spawning  was  heavier  than  that  of  the  previous 
year.  The  whole  of  the  spawning  season  was  all  that  could  be  wished  for 
regarding  weather.  There  were  no  high  floods  or  spates  to  injure  or  damage 
the  deposited  ova,  and  severe  frosts  were  entirely  absent  In  parts  of  the 
Oromdale  district  salmon  were  seen  spawning  as  late  as  the  first  and  second 
weeks  of  March. 

II,— &moU  Seaton. 

DsffCQ^diDg  Bmolts  during  the  months  of  Aprils  May,  and  June  ^^peared  to 
btt  |xu^»eio4S|  and  t^te  up  to  an  average  appearance  with  previous  years. 
Eight  faailiffB  wei»9  op  duty  for  six  weeks— from  27th  April  till  6th  June — 
piQt^ctiQg  smolts,  and  were  stationed  as  follows: — One  man  on  the  Spey- 
mouth district ;  one  at  Dundurcas,  Rothes ;  one  at  Dufftown  ;  one  at  Aberlour; 
one  at  BallindaUoch ;  one  on  Upper  Avon  and  Glenlivet  district ;  one  at 
Grantown ;  and  one  at  Duthil.  from  Speymouth  to  Laggan,  Badenock,  and 
over  all  the  tributaries,  printed  notices  cautioning  persons  against  taking  or 
killing  smolts,  salmon  fry,  or  parr,  were  posted  up  as  usual.  The  superinten- 
dent, inspector,  and  two  constables  continued  salmon  fry  or  parr  protection 
from  6^h  June  till  3rd  August,  when  other  four  men  were  put  on  duty  to  con- 
tinti^  protection  of  said  fry  during  the  months  of  August  and  September.  Not 
a  single  person  was  found  or  detected  during  the  wnole  of  the  season  killing 
or  b^ng  ii^  possession  of  smolts,  salmon  fry,  or  parr,  and  all  of  the  trout 
anglers  come  j^oss  by  the  watchers  during  the  season  seemed  anxious  to  avoid 
catchinff  the  fr^,  and  in  almost  all  cases  they,  without  being  asked  to,  showed 
the  contents  of^^their  baskets  to  the  bailiffs  for  inspection,  and  in  no  case  did 
9^one  refuse. 

III. — Disease  among  Salmon, 

To  give  a  detailed  note  as  to  the  «^pearance  of  salmon  fungoid  disease  over 
the  Spey  district  during  the  year  ending  26th  August  1896, 1,  as  ia  former 
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years,  confined  my  observations  to  the  river  Fiddich  for  said  season's  fisli 
statistics.  Durinc  last  spawning  season  the  number  of  salmon  spawning  beds 
counted  upon  Fi(£lich  was  715,  and  the  total  number  of  dead  or  dying  fish 
removed  and  buried  by  the  bailiffs  was  155.  CaJculating  the  percentage  of  fish 
dying  from  the  disease  with  the  number  of  spawninff  beds  counted  upon  the 
stream  during  the  last  seven  spawning  seasons,  the  mt\.  mortality  from  disease 
on  Fiddich  has  given  the  following  percentages : — During  the  season  of  1889-90, 
13  per  cent;  1890-91,  18  per  cent;  1891-92,  16  per  cent;  1892-93,  19  per 
cent.;  1893-94,  8  per  cent;  1894-95,  9  per  cent;  1895-96  (last  year),  21  per 
cent  This  shows  that  the  death  rate  of  last  year  is  at  least  2  per  cent  higher 
than  any  of  the  recorded  seasons — ^that  is  of  season  1892-93,  when  the  death 
rate  was  19  per  cent.  The  first  diseased  dead  fish  was  seen  on  4th  December 
for  last  year  (1895),  giving  1  male  grilse.  The  next  return  was  on  24th 
December,  giving  a  total  of  12  fish,  being  6  male  and  2  female  salmon,  with 
4  male  grilses.  The  next  was  on  4th  January  1896,  being  a  total  of  7,  viz., 
4  male  salmon  and  3  male  grilses.  On  11th  January,  a  total  of  23,  viz.,  15 
salmon  and  8  grilses,  all  mkles.  On  18th  January,  a  total  of  12,  being  8 
salmon  and  4  grilses,  all  males.  On  25th  January,  a  total  of  20,  giving  12 
salmon  and  8  grilses,  all  males.  On  31st  January,  a  total  of  16,  being  9  salmon 
and  7  grilses,  all  males.  On  8th  February,  a  total  of  23,  viz.,  11  salmon  and 
12  grilses,  all  males.  On  15th  February,  a  total  of  12,  giving  5  male  scdmon 
and  5  male  and  2  female  grilses.  On  22nd  February,  a  total  of  8,  being  1 
salmon  and  7  grilses,  all  inales.  On  29th  February,  a  total  of  16,  giving  2 
male  and  1  female  salmon,  and  11  male  and  2  female  grilses.  On  7th  March, 
a  total  of  3,  being  2  male  and  1  female  salmon.  On  28th  March,  a  total 
of  2,  viz.,  2  male  grilses.  This  gives  for  the  season  75  male  and  4  female 
salmon,  and  72  male  and  4  female  grilses.  AU  of  the  above  were  snawned  fish. 
During  the  first  week  of  May  1896,  some  6  diseased  dead  or  dying  clean  salmon 
were  removed  from  the  river  Spey  from  the  Aberlour  and  Wester  Elchies 
section  of  fishings.  During  the  time  in  question,  the  weather  was  very  warm 
and  the  river  exceedingly  low,  and  the  pools  were  well-stocked  with  salmon 
all  up  and  down  the  river,  so  that  I  consider,  when  everything  is  taken  into 
account,  a  few  diseased  clean  fish  in  the  river  during  a  warm  drought  is  more 
of  a  sign  of  abundance  of  fish  than  an  indication  that  salmon  disease  is  gaining 
or  becoming  more  prevalent  over  the  district 


rV. — Poaching  during  the  Tear. 

Seven  persons  were  brought  before  the  Sheriff  Court  and  convicted  and  fined 
for  poaching  during  the  season,  viz.: — One  case  of  day  poaching  by  killing 
fqilmon  with  a  gaff  during  the  close  time  for  rod  and  line  ;  one  case  of  killing 
salmon  on  Sunday  with  a  spear  ;  one  case  of  night  poaching  with  torch  light 
and  gaff ;  one  case  of  stoning  fish  on  or  disturbing  salmon  spawning  beds  ;  and 
one  case— during  open  time— of  taking  and  killing  an  unclean  or  unseasonable 
salmon. 

V. — By-Laws, 

The  Bye-Laws  relating  to  Dam  Dykes,  Mill-Lades,  Sluices,  Hecks,  Ac,  were 
generally  well  kept  and  maintained  over  the  district  during  the  season. 
Improvements,  at  request  of  Board  clerks,  were  made  upon  the  intake  dam 
dyke  upon  the  Druie  at  Dell  Sawmill,  but  the  improvements  did  not  wholly 
remove  the  cause  of  difficulty  that  ascending  fish  encounter  at  said  weir. 
*"        "     :  the  case  of  the  tenant  of  the  Sawmill  on  the  Dulnain  at  Carr-Bridge, 


who  failed  after  repeated  requests  through  the  Board  clerks,  &c,  to  put  his 
mill  dam  dyke  and  fish  pass  into  proper  order  conform  with  the  bye-laws,  and 
whose  case  was  pending  for  prosecution  at  close  of  my  last  year's  Report,  it 
came  up  before  the  Sheriff  Court  at  Inverness  on  24th  September  1895. 
Accused,  instead  of  appearing  in  Court,  sent  a  letter  written  by  his  agent  at 
Qrantown  admitting  the  offence.  Along  with  this  admission  and  the  evidence 
of  the  Superintendent  and  Inspector  Brown,  proving  the  nature  of  offence  or 
breach  of  bye-law,  accused  was  convicted  in  absence,  and  sentenced  to  pay  a 
fine  of  £1,  with  £2,  148.  of  expenses,  or  14  days'  imprisonment 
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Ghneral  Remarks. 

The  riyer  and  sea  coast  net  BaLmon  fishing  opened  over  the  Spey  district 
upon  the  11th  of  February.  TThe  inspection  of  the  weekly  close  time  during 
the  season  was  attended  to  by  myself,  the  Inspector,  and  Sergeant  Alexander 
Mackintosh.  During  the  whole  season,  as  far  as  the  weather  and  sea 
made  it  practicable  to  do  so,  the  observance  and  carrying  out  of  the  weekly 
close  time  or  ^  slop '  was  strictly  carried  out  over  the  wnole  district.  The  close 
of  the  net  salmon  fishing  was  carried  out  over  the  district  upon  the  26th  of 
August 

Tjie  salmon  hatchery  at  Fochabers,  belonging  to  His  Grace  the  Duke  of  Rich- 
mond and  Gk>rdon,  has  had  another  successful  year's  work  carried  out  by  the 
system  of  propitiating  and  hatching  salmon  ova,  and  returning  them  in  the 
stage  of  salmon  try  into  the  river  Spey.  During  the  months  of  November  and 
December  1895,  salmon  ova  to  the  enormous  number  of  570,000  were  secured 
and  placed  in  the  hatchery  boxes.  I  visited  and  saw  the  ova  during  the  pro- 
pagating stage,  and  again  when  the  hatched  or  life  stage  was  reached,  and,  to 
my  belief,  the  last  *  houseful '  of  ova  and  the  subseauent  f it  were,  if  possible, 
the  finest  to  all  aj^pearance  that  I  have  yet  seen  in  tnis  hatchery.  During  the 
month  of  May  1896,  the  fry,  after  attaining  the  age  of  six  or  seven  weeks, 
were  removed  from  the  boxes  and  let  at  large  into  the  River  Spey.  Mr 
Thomas  Eae,  who  had  charge  of  the  hatchery,  was  exceedingly  well  pleased 
with  the  quality  of  last  year's  ova  and  also  with  the  returns  of  fry  derived 
from  the  same,  and  he  is  quite  sure  that  he  under  estimates  his  return  when 
he  gives  it  at  95  per  cent,  of  salmon  fry  returned  to  the  river  from  the  ova 
placed  in  the  hatchery  boxes.  Grilses,  although  apparently  up  to  an  average 
upon  the  rod  fishing  stretches  of  the  river  during  the  season,  were  all  along 
the  sea  coast  and  River  Spej  net  fishings  considerably  less  numerous  thim  of 
last  year.  This  falling  on  m  grilse,  which,  however,  was  more  than  counter- 
balanced by  abundance  of  salmon  all  the  year  over,  is  not  easily  explained  or 
accounted  for,  more  especially  when  the  descending  smolts  during  last  spring 
and  early  summer  months  were  much  more  numerous  than  that  of  the  preced- 
ing season.  From  the  large  size  of  the  River  Spey,  no  certainty,  it  may  be 
supposed,  can  be  civen  whether  descending  smolts  do  vary  as  much  in  apparent 
numbers  as  to  allow  of  comparisons,  one  year  with  another,  being  given. 
Those  employed  at  the  river  mouth  net  salmon  fishings  have  the  best  means 
of  judging  a  season's  appearance  of  descending  smolts.  When  dragging  their 
nets  through  the  river  in  the  darkness  of  the  nighc  the  shoals  of  descending 
smolts  can  be  seen  rushing  through  the  net  meshes  by  the  glitter  and  gleam  of 
their  silvery  scales.  Some  of  the  oldest  men  employed  say  that,  during  the 
last  smolt  season,  the  appearance  of  descending  smolts  in  regard  to  numbers 
was  the  best  that  they  had  seen  for  forty  years. 

The  full  force  of  bailiffs  or  Spey  police  is  constituted  as  follows : — The 
superintendent,  residing  at  Aberlour ;  the  inspector,  stationed  at  Grantown ; 
eight  sergeants,  and  thirty-seven  constables. 

GEORGE  E.  MAOGREGOR,  Supervntendent, 


THE  DISTRICT  OF  THE  RIVER  FINDHORN. 

Take  of  Fish— 
1.  (a)  Salmon  above  average ;  grilse  below  average ;  (6)  below  average ; 

'    (c)  salmon  above  average  ;  (d)  about  an  average. 
3.  (a)  nth  February ;  (6)  April  and  May  ;  (c)  May,  June  and  July.    Trout 

may  be  got  throughout  season. 
5.  (a)  Salmon  34  lbs. ;  trout  4  lbs  ;  (6)  Salmon  45  lbs.  ;  (e)  Salmon  17  lbs. 

Protection — 

1.  £3436. 

2.  £345. 

3.  Head  countable,  two  permanent  bailiffs  and  fifteen  occasional  bailiffs. 

4.  No. 
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Obstructions  to  the  Passage  of  Fish — 
None. 

Pollutions — 
None. 

The  Salmon  Disease — 
No( 


The  Spawning  Season — 

1.  Upper  d^trict,  16th  October ;  lower  district,  20th  November. 

2.  Upper  district^  between  25th  October  and  27th  November ;  lowet  diatrict, 

December  and  January. 

3.  tJpper  district,  2nd  December :  lower  district^  end  of  Pebtttary. 

4.  Upper  district  above  ordinary  leveL 
6.  About  an  average. 

6.  Main  river  between  Waterford  and  Sluie,  and  b^tweto  Dryn&ch&n  lUld 
Coignafeam. 

Kelts— 

1.  Kelts  begin  to  migrate  seawards  immediately  after  the  spawning  season 

is  over. 

2.  January  and  beginning  of  February. 

3.  May. 

6.  Sometimes  flood,  half-flood^  and  small. 

Smolts — 

1.  From  the  middle  of  March  till  the  end  of  May. 

2.  A  good  average. 

Artificial  Propagation  of  Salmon- 
No. 


THE  DISTRICT  OF  THE  RIVER  IfAIRN. 

Take  of  Pish— 
1.  (tt),  (6),  (c)  and  (<Q  Below  average  throughout  the  district, 
g.  h)  About  6000  ;  (c)  176. 

3.  {a)  13th  Pebruarv ;  (6)  from  10th  April  to  «Oth  May  j  (c)  Bea-trottt  in 
June,  grilse  in  August  and  September. 

5.  (6)  35  lbs. ;  (c)  22^  lbs. 

Protection— 

1.  £1136^  10b. 

2.  £86,  3s.  3d. 

3.  Two. 

4.  No. 

Obstructions  to  the  Passage  of  Fish— 

1.  None. 

2.  No. 

3.  Yea. 

4.  No. 

6.  There  is  a  free  pass  at  all  times  unless  when  the  water  ii  very  low. 

6.  None* 

7.  No  changes. 

Pollutions — 
1.  No. 

The  Salmon  Disease — 
1.  No  disease  this  season. 
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The  Spawning  Season — 

1.  1895,  between  the  6th  and  8th  November ;  1896,  between  the  8tH  and 

10th  November. 

2.  Between  20th  November  and  20th  December. 

3.  Abont  15th  January. 

4.  Between  low  and  half-flood. 

5.  Lees. 

6.  The  River  Nairn  and  the  Invereruie  Bum. 

Kelts— 

1.  About  I5th  February. 

2.  From  the  15th  to  the  end  of  March. 
a  Bv  the  20th  April. 

4.  Half-flood. 

SmoltB— 

1.  From  20th  April  to  Ist  June. 

2.  Very  good. 

Artifldal  Propagation  of  Salmon — 
Na 

Proportion  of  Male  to  Female  Salmon — 

Upon  an  estimate  there  are  about  5  per  cent,  more  females. 

General  Question — 
No. 

TEE  DISTRICT  OF  THE  RIVER  NESB. 

Take  of  Fish— 

1.  (a)  Better ;  (5),  {c)  and  ((£)  about  the  average 

2.  {a\  (h)  and  (c)  about  35,000  or  40,000. 

3.  (a)  Opening  of  fishing  11th  February ;  (6)  February;  (c)  end  iof  June, 

July,  and  August 

4.  (a)  and  (6)  Can^  say. 

5.  (a)  Salmon,  42  lbs. 

Protection — 

1.  £3662,  rental 

2.  1&  9d.  per  £. 

3.  Four  permanent  men ;  three  temporary  men. 

4.  Yes. 

Obetructions  to  the  Passage  of  Fish- - 

1.  None. 

2.  None. 

3.  Yes. 

4.  No. 

6.  Yes. 
a  No. 

7.  None. 

Pollutions — 

1.  None. 

2.  No  cause  for  any. 

The  Salmon  Disease — 
1.  No. 

The  Spawning  Season — 

1.  Between  the  middle  of  October  and  November. 

2.  From  November  to  January. 

3.  End  of  January. 

5.  More  in  1896. 

6.  The  Qarry,  the  Kingie»  Morrison,  and  Ness. 
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Kelts— 

1.  February. 

2.  March  and  ApriL 

3.  Middle  of  June. 

Smolts — 

1.  ApriL 

2.  Yes. 

Artificial  Propagation  of  Salmon — 
Lord  Burton,  Qlenqnoich,  has  a  trout  hatchery.    Can't  say  the  number  of 
fish  hatdied. 

Proportion  of  Male  to  Female  Salmon — 
In  the  month  of  January  I  netted  the  river  and  found  the  males  had  the 
majority — about  six  males  to  four  females. 

General  Question — 
None. 


THE  DISTRICT  OF  THE  RIVER  ALNESS. 

Take  of  Fish— 

1.  (a)  Above  the  average  ;  (()  below  the  average. 

2.  (a)  The  lessees  of  the  net  and  coble-fishing  are  not  disposed  to  give  the 

information. 

3.  (a)  About  beginning  of  the  net  fishing   ;  (6)  July  ;  (c)  June,  July,  and 

August. 
5.  (a)  About  30  lbs.  ;  (c)  about  18  lbs. 

Protection — 

1.  ^£613,  10s. 

2.  68.  3d.  per  £, 

3.  -One  permanent  inspector  and  three  temporary  bailifEs. 

4.  None. 

Obstructions  to  the  Passage  of  Fish — 

2.  No  cmives  in  district 

3.  Yes ;  on  Biver  Alness. 

4.  No. 

5.  Yes  ;  at  all  times. 

The  Salmon  Disease— 

1.  No  salmon  disease  in  the  district. 

The  Spawning  Season — 

1.  About  28th  October. 

2.  Between  5th  November  and  1st  December. 

3.  About  10th  December. 

4.  Fiist  half  in  flood ;  end,  half -flood. 

5.  Less. 

6.  Upper  reaches  of  Alness  Biver. 

Keltfr- 

1.  About  middle  of  ApriL 

2.  About  end  of  ApriL 

3.  June. 

4.  About  half-flood. 

Smolts — 

1.  IstMay. 

2.  Yes  ;  very  good. 
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Artificial  Propagation  of  Salmon— 
Tbf^  are  twonatcheries in  the  district ;  one cwable  of  hatching  150,000  ova, 
belongin^f  to  the  Board,  the  other  supported  by  private  enterprise  capable 
of  hatching  80,000.    The  former  is  newly  erected  ;  the  latter  has  been 
in  use  for  upwards  of  three  years. 

No. 

General  Question — 

The  Bktrict  Board  would  again  direct  the  attention  of  the  Fishery  Board  to 

the  destruction  to  fish  occasioned  by  the  illegal  mode  of  fishing  pursued 

in  the  Cromarty  Firth,  and  to  which  reference  is  made  in  the  Appendix 

to  the  Fourteenth  Armual  Report  of  the  Fishery  Board  (see  Part  IL,  p.  62). 


THE  DISTRICT  OF  THE  RIVER  CONON, 

Take  of  Fish— 

1.  (a)  and  (6)  Salmon  considerably  above  the  average  ;  grilse  a  little  above 

the  aveiase ;  (e)  and  {d)  above  the  average. 
3.  (a)  11th  February ;  (6)  June  and  July.;  (c)  grilse  ran  &om  tha  beginning 

of  May  to  the  olose  of  the  fiaking.    The  madn  run  of  aQArtrout  it  in 

March  and  Apvil.    Clean  sea^trout  in  tidal  wafers  of  Conon  at  all 

seasons. 
5.  (a)  Several  were  caught  weighing  about  24  lbs. ;  (6)  about  30  lbs.  ;  (e) 

about  23  lbs. 

Protection — 


rotecnon — 

1.  One  permanent  inspector  and  four  temporary  bailiffs. 


Obstructions  to  the  Passaffe  of  Fish — 

2.  The  craiTes  in  this  custriot  have  not  been  fished  in  1896. 

3.  There  is  one  dam  in  this  district ;  it  is  not  worked  in  acoordance  with  the 

bye-law,  Schedule  F.    There  are  two  cruives  in  this  district ;  they  are 

worked  in  accordance  with  the  bye-law.  Schedule  Q,  regu}ati2)g  the 

same. 
5.  Tes ;  at  all  times. 
7.  The  Bia}ian  net  and  cruiva  MiiDg  have  not  been  worked  during  the  last 

seven  seasons,  whereby  laige  Aumbers  of  salmon  and  grilse  have  ascended 

to  the  angling  waters. 

The  Spawning  Season— 

1.  Abont  the  8th  October. 

2.  Between  the  1st  and  15th  November. 

3.  About  6th  December. 

4.  Half-flood  and  low. 

5.  There  was  a  splendid  show  of  salmon  and  grilse  on  all  the  spawning 

streams  of  the  rivers  Conon,  Blackwater,  Orrin,  and  Meig.    T1^  numbers 
were  fully  up  to  the  two  previous  spawning  seasons. 

6.  There  are  good  spawning  pounds  in  the  Biver  Conon  from  the  tidal 

waters,  and  in  the  tributaries  Blackwater,  Orrin,  and  Meig. 

Kelts— 

1.  In  the  beginning  of  March. 

2.  From  the  middle  of  March  to  the  end  of  April 

3.  About  the  beginning  of  June. 

4.  Flood,  half-flood,  and  low. 

Smolts— 

1.  March,  April,  May,  and  June 

2.  Yes  ;  very  good. 

J) 
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Artificial  Propagadou  of  Salmon— 
There  is  a  salmon  hatchery  in  this  district  at  Oonon  Bridge.  It  partly 
belongs  to  Colonel  M'Kenzie  of  Seaforth,  and  partly  to  the  District 
Board.  Since  the  beginning  of  1891  about  470,000  ova  have  been 
taken  from  the  Conon,  Tweed,  and  other  rivers  in  Scotland,  hatched  in 
this  hatchery,  and  the  fry,  when  seven  weeks  old,  transferred  to  the 
Conon  and  tributaries. 

General  Question — 
I  bave  noticed  in  the  last  two  fishing  seasons  (especially  in  1896)  that  the 
run  of  salmon  in  the  tidal  waters  of  the  Conon  during  the  montlis  of 
June  and  July  has  been  much  more  plentiful  than  in  former  fishing 
seasons.  I  have  also  noticed  that  the  increase  in  weight  of  these 
salmon  was  considerably  above  the  average  of  salmon  caught  in  former 
years. 


THE  DISTRICT  OF  THE  KYLE  OF  SUTHERLAND, 

Take  of  Fish— 

1.  About  the  average ;  generally  throughout  the  district. 

2.  The  number  cannot  be  given  as  the  lessees  refuse  to  give  information  on 

^is  head.    The  catch,  however,  was  a  very  good  one,  by  net  and  rod. 

3.  (a)  In  February  ;  (6)  in  April  and  May  ;  (c)  in  July  and  August. 

4.  It  is  not  possible  to  condescend  on  numbers  in  either  case  A  or  B. 

5.  (a)  34  lbs.  by  net  and  coble  ;  (c)  no  information. 

Protection — 

1.  £2634. 

2.  Is.  8d.  per  £. 

3.  Fifteen  watchers  in  all. 

4.  One  for  allowing  bag  net  leaders  to  remain  in  the  sea  during  the  weekly 

close  time.    Result  *  Not  proven.' 

Obstructions  to  the  Passage  of  Fish— 

1.  None. 

2.  There  are  no  cruives  in  the  district 

I  3.  There  are  only  two  dams  in  the  district,  one  at  Gruids,  Lairg,  and  the 
other  at  Evelix,  Dornoch.  The  miller  at  Qruids  was  report^  in  1893 
and  1894  for  contraventions,  and  on  both  occasions  he  was  tried  and 
convicted,  on  20th  June  1893  and  6th  November  1894  respectively. 
The  Evelix  mill-lade  has,  however,  been  a  source  of  great  irritation  for 
some  years.  The  Dornoch  Burgh  Local  Authority  were  permitted  to 
take  the  water  from  the  lade  to  the  town  of  Dornoch  some  years  ago, 
and  consequently  the  sluice  cannot,  as  it  should,  be  shut  at  tne  intake 
when  the  mill  is  not  being  worked.  The  water  is  being  used  for  a 
lawful  purpose  in  tenns  of  Schedules  F  and  G,  but  not  the  whole  of  it. 
Up  tOl  now  all  attempts  (and  there  have  been  many)  at  improvement 
have  been  abortive. 
4.  No. 

I    6.  Always. 

'    6.  No. 
7.  There  is  no  change  from  1895. 

Pollutions — 

1.  No. 

2.  No. 

The  Salmon  Disease— 
1.  No. 
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The  Spawning  Season — 

1.  About  lOth  September. 

2.  Between  let  and  30th  November. 

3.  About  the  middle  of  January. 

4.  In  flood  the  most  of  the  time. 

5.  Less. 

6.  Carron,  Oykell,  and  Cassley. 

Kelts— 

1.  6th  January. 

2.  In  February. 

3.  In  ApriL 

4.  In  flood  the  most  of  the  time. 

Smolts — 

1.  In  May. 

2.  Yes. 

Artificial  Propagation  of  Salmon— 
No. 

»rtion  of  Male  to  Female  Salmon^ 


General  Question — 
At  a  meeting  of  the  Kyle  Board  held  on  12tli  October  1895  (at  which  Mr 
Archer  was  present),  the  Board  agreed,  irUer  alia^  unanimously  to 
recommend  tnat  there  should  be  a  close  time  for  trout  for  the  same 
period  as  for  salmon.  Reference  is  made  to  the  clerk's  letter  of  14th 
October  1895  to  Mr  Archer  communicating  the  resolution  of  the 
Board. 


SUTHERLAND,  BAST  AND  WEST  COAST  DISTRICTS. 

Take  of  Fish— 

1.  (a)  Slightly  above  the  average  ;  (6)  above  the  average. 

2.  (a)  Salmon.  Grilse.  Trout. 

No.        lbs.  No.      lbs.  No.    lbs. 

Helmsdale- 760      9280  956     4G22  82     123 

Brora— 1774    19,222  884    4461  293    455 

(6)  Coast  bag-nets.  East  Coast— salmon,  1256,  |14,977  Iba.  ;  grilse,  2431 
10,602  lbs.  West  Coast— salmon,  1823,  23,097  lbs. ;  grilse,  8130, 
45,926  lbs. ;  (c)  1300  to  2000. 

3.  {aS  13th  January  on  Helmsdale  by  rod;  (6)  nets,  Juno  and  July ;  rods, 

March  ;  (c)  June  and  July. 

4.  (a)  February,  6  ;  March,  10  ;  April,  6;  May,  16  ;  June,  26  ;  July,  31  ; 

August,  5. 

5.  (a)  36  ll»s. ;  (6)  42^  Ibfl. ;  (c)  34  lbs. 

Protection — 
1  and  2.  No  assessment ;  all  belong  to  the  Duke  of  Sutherland. 

3.  Four  re^;ular  watchers.     Keepers  both  on  east  and  west  coasts  bound  to 

assist  in  watching. 

4.  Yes  ;  poaching  on  Helmsdale.     Fined  £^  each  (3). 

Obstructions  to  tbe  Passage  of^Fish— 

1.  None. 

2.  No  cniives. 
4.  No. 
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6.  The  only  fish  pass  (salmon  ladder)  on  Camaob,  a  tnlMitorf  of  the  Rnrer 
Fleet 

6.  No. 

7.  No. 

Pollutions — 
No. 

The  Salmon  Disease — 

1.  Very  slightly ;  appeared  first  in  March  on  the  Helmsdale  ;  at  its  height 

about  middle  of  May  ;  disappeared  in  July. 

2.  Very  low. 

3.  Eighteen  in  all  from  Helmsdale  and  Brora  ;  nearly  all  male  kelts. 

4.  No. 

The  Spawning  Season — 

1.  12th  October. 

2.  20th  October  to  20th  November. 

3.  End  of  November. 

4.  Very  high  all  through  the  season. 

5.  More. 

6.  Helmsdale,  Brora,  Fleet  (on  East  coast),  Inver,  Lazford,  Inchard  (on  west 

coast),  with  their  tributaries. 

Kelts— 

1.  18th  March  (East  coast) ;  10th  March  (West  Coast). 

2.  April. 

3.  End  of  May. 

4.  High.  ' 

Smolts— 

1.  IstMay. 

2.  Yes. 

Artificial  Propagation  of  Salmon — 
There  is  one  small  hatchery  on  the  Brora ;  one  at  Inchnadamph,  Assynt ; 
and  one  at  Badcall,  Scourie.    Not  now  used  for  salmon  hatoking. 

Proportion  of  Male  to  Female  Salmon- 
No  reliable  information. 

Qeneral  Question— 
The  close  time  for  ansling  should  begin  about  10th  October  instead  of  Slat 
October,  by  which  time  many  flro  in  most  of  the  river  have  spawned. 


SUTHERLAND,  NORTH  COAST  DISTRICT 

Take  of  Fish— 

1.  (a\  (b),  (c)  and  (d)  Below  the  average. 

2.  (a)  and  (6)  Salmon,  1511;  grilse,  7908;  trout,  284;  caasot  separate;  (c) 

about  800. 

3.  (a)  FebruaiT  ;  (6)  May  ;  (c)  May  to  September. 

4.  (a)  and  (6)  Not  Known. 

6.  (a)  26  lbs. ;  (6)  37  lbs. ;  (c)  23  lbs. 

Protection- 
1  and  2.  No  assessment. 
4.  None. 
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Obstructioufi  to  the  Passage  of  Fish— 

1.  None. 

2.  No  craives. 

3.  None. 

4.  None. 

5.  Yes. 

6.  None. 

7.  Nothing. 

Pollutions — 
No  pollutions. 

The  Salmon  Diseases- 
No  disease. 

The  Spawning  Season— 

1.  27th  October. 

2.  Ist  Noyember  to  20th  November. 

3.  1st  December. 

4.  High. 

5.  Above  the  average. 

6.  All  the  rivers  within  the  district. 

Kelts- 

1.  March. 

2.  March  and  April. 

3.  May. 

4.  Low. 

Smolts — 

1.  26th  April. 

2.  Yes. 

Artificial  Propagation  of  Salmon — 

Private  hatchery  at  Sandside,  near  Eastern  end  of  district ;  about  200,000 
annually. 

Proportion  of  Male  to  Female  Salmon — 
More  males  than  females. 


TH£  DISTRICT  OF  THE  RIVER  KEN N ART. 

Take  of  Fish— 

1.  (6)  and  (c)  Above  the  average. 

2.  {h\  4500  ;  (r)  43. 

3.  (a)  27th  February  ;  (6)  June. 
6.  (6)  30  lbs.  ;  (c)  19  lbs. 

Obstructions  to  the  Passage  of  Fish — 
We  have  no  artificial  obstructions. 

Pollutions — 
Not  aware  of  any. 

The  Salmon  Disease — 
No. 


THE  DISTRICT  OF  THE  RIVER  BALGAY, 

Take  of  Fish— 

1.  About  the  usual  avenige. 

2.  No. 

3.  Main  take  of  salmon  in  May  and  June.    Grilse  and  wa»trout  ran  iu  July. 
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Protection-— 

1.  £40. 

2.  £31  contributed  by  two  proprietors. 

3.  Two. 

4.  No ;  one  case  of  poaching  where  accused  paid  a  voluntary  fine  to  avoid 

a  prosecution. 

The  Salmon  Disease — 
One  large  sea-trout  at  the  mouth  of  the  Kinloch  River  and  taken  out  all 
over  with^n^riM.    {River  low^  month  of  June.)    I  have  seen  no  diseased 
salmon  this  year. 

The  Spawning  Season — 

1.  Sea-trout  began  spawning  about  the  beginning  of  October,  and  salmon  20 

days  or  so  later. 

2.  The  greater  number  spawned  between  the  middle  of  October  and  the 

middle  of  November. 

3.  The  spawning  season  finished  about  the  middle  of  December. 

5.  The  number  of  spawning  fish  was  about  the  average.  . 

6.  The  principal  spawning  streams  are  the  Kinloch  and  Balgay. 

Kelts— 
2.  Kelts  were  noticed  migrating  seawards  in  December. 

4.  River  generally  high. 

Artificial  Propagation  of  Salmons- 
No. 


THE  DISTRICT  OF  THE  RIVER  LOGHY, 

Take  of  Fish— 

1.  {o>u  (6),  {c\  and  ((£)  Below  the  average. 

2.  (al  and  (6)  Nil ;  (c)  exact  number  not  kept.    The  River  Lochy  is  entirely 

let  for  angling. 

3.  (a)  30th  March  1896  ;  (6)  June,  July,  and  August ;  (c)  about  the  end  of 

June. 

4.  (a)  and  (6)  Nil. 

5.  (a)  and  (6)  NU  ;  (c)  33  Ibs^ 

Protection — 

1.  £2093,  178.  2d. 

2.  Id.  per  £. 

3.  Fifteen. 

4.  None. 

Obstructions  to  the  Paagage  of  Fish— 

1.  None. 

2.  None. 

3.  There  are  none. 

4.  No. 

5.  At  all  times. 

6.  No. 

7.  None. 

Pollutions — 

1.  No. 

2.  None 

The  Salmon  Disease— 

1.  No  disease  has  shown  itself. 

4.  In  my  opinion  salmon  disease  is  mainly  if  not  entirely  caused  by  river 
pollution. 
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Th«  Spawning  Season — 

1.  Last  week  in  October  in  the  tribataries  of  the  River  Lochy. 

2.  Last  week  in  November  and  first  week  in  December. 

3.  Last  year  the  spawning  finished  about  the  end  of  December,  and  this  is  a 

fair  average. 

4.  High. 

5.  Len. 

6.  The  rivers  Roy,  Spean,  Cour,  Lochy,  Loy,  Nevis,  Luudy,  Arkaig,  and 

Gloy. 

Kelto- 

1.  Not  known.    £very  flood  in  spring  takes  down  great  numbers  of  kelts. 

2.  Not  known. 

3.  In  the  month  of  April. 

4.  High. 

Smolts^ 

1.  End  of  April. 

2.  Not  very  good. 

Artificial  Propagation  of  Salmon  ~ 
Yes.    On  tne  Spean. 
About  100,000. 

Proportion  of  Male  to  Female  Salmon — 

Tne  average  this  season  as  regards  the  River  Lochy  was  2  females  to  I  mule 
as  the  result  of  actual  enumeration. 

General  Question — 
Yes.    That  the  Saturday  slap  should  begin  at  sunset  on  Friday  night  instead 
of  Saturday,  or  at  latest  should  b%in  with  the  commencement  of  the 
flood-tide  on  Saturday  afternoon.    Fish  in  this  district  approach  the 
rivers  with  the  flood-tide. 


THE  DISTRICT  OF  THE  RIVER  GIRVAN. 

Take  of  Fish— 

1.  (a)  None  ;  (6)  average  ;  (c)  above  ;  (d)  above. 

2.  (a)  About  6  salmon  in  one  pool  of  the  river ;  (6)  300  salmon,  650  grilse, 

and  2260  trout ;  {c)  about  a  dozen  salmon  and  grilse  (sea  trout  not 
known). 

3.  (a)  1st  April ;  ^6)  August ;  (c)  about  16th  June. 

4.  (a)  and  (o)  Not  known. 

6.  (a)  Not  known  ;  (b)  40  lbs. ;  (c)  23  lbs. 

Protection — 

1.  £524. 

2.  None. 

3.  None. 

4.  None. 

Obstructions  to  the  Passage  of  Fish— 

1.  None. 

2.  No  cruives  fished. 

3.  Yes. 

4.  No. 

5.  When  in  flood. 

6.  No. 

7.  None. 
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PollutioiiB— 

1.  No. 

2.  No. 

The  Salmon  Disease — 
1.  Salmon  disease  has  never  yet  appeared  in  the  River  Oirvan. 

The  Spawning  Season — 
1.  Latter  end  of  December. 

Smolte — 

1.  1st  May. 

2.  Average. 

Artificial  Propagation  of  Salmon — 
No. 

Proportion  of  Male  to  Female  Salmon— 
Not  known. 

General  Question— 
There  being  no  bailitf  many  of  the  questions  cannot  be  answ«r«d.    The  take 
of  trout  was  unusually  heavy  last  year. 


THE  DISTRICT  OF  THE  RIVER  STING HAR, 

Take  of  Fish— 

1.  (a\  (b)  and  (c)  About  an  average  ;  (rQ  average. 


2.  (a)  and  (h)  no  information  ;  (c)  about  100. 

3.  (aS  Marcn  ;  (6)  July  and  August ;  (c)  June^  July,  and  August. 

4.  (a)  and  (h)  No  information,  but  the  fishing  tenants  can  supply  this. 
6.  (6)  40  lbs;  (c)  38  lbs. 

Protection — 

1.  None. 

2.  None. 

3.  None  ;  but  the  Earl  of  Stair  has  a  private  watcher  for  his  own 

4.  None. 

Obetructions  to  the  Passage  of  Fish— 

1.  None. 

2.  No  cruives. 

6.  No  natural  obstructions. 

7.  Nothing  done. 

Pollutions — 

1.  No. 

2.  No. 

The  Salmon  Disease — 
No  disease  this  year. 

The  Spawning  Season— 

1.  17th  November. 

2.  End  of  December. 

3.  Middle  of  January. 

4.  Normal. 

5.  Good  average. 

6.  Stinrhar. 
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Kelto— 
1.  Ist  March. 
8.  14ih  March. 

3.  8nd  April. 

4.  Medium, 

Smolts— 
1.  l8t  April. 

5.  Yes. 

Artificial  Propagation  of  Salmon- 
No. 

Proportion  of  Male  to  Female  Salmon — 
I^male  salmon  in  excess  of  male.    Based  on  estimate. 


THE  DISTRICT  OF  THE  RIVER  CREE. 

Take  of  Fish— 

1.  (a),  (6),  (c)  and  (d)  No  special  information,  but  it  is  believed  the  take  hat 

been  a  ftiU  average. 

2.  No. 

3.  No  information. 
4  No  information. 
5.  No  information. 

Protection — 

1.  £671. 

2.  £89,  98.' 4d.  being  the  assessment  at  2s.  8d.  per  £. 

3.  Two. 

4.  No. 

Obstructions  to  the  Passage  of  Fish — 

1.  No  changes. 

2.  There  are  no  cruives  in  this  district. 

3.  Yes. 

4.  No. 

5.  Yea, 

6.  No. 

Pollutions — 

1.  No. 

2.  None  required. 

The  Salmon  Disease- 
No  disease. 

The  Spawning  Season— 
No  information. 

Kelts- 
No  infonnation. 

Smolts— 
No  information. 

Artificial  Propagation  of  Salmon- 
No. 

ProDortion  of  Male  to  Female  Salmon- 
General  Question — 
No. 
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THE  DISTRICT  OF  THE  RIVER  DEE  {KIRKCUDBRIOUT). 

Take  of  Fish— 
1-  W*  Q>\  (0  ^"^d  {d)  Average. 

2.  No. 

3.  ^a),  (6)  and  (c)  Same  as  last  year. 

4.  i(jC\  and  (6)  Cannot  be  ascertained. 

5.  (a),  (6)  and  (c)  Not  known. 

Protection-^ 

1.  £1603. 

2.  £6  per  cent. 

3.  Sixteen. 

4.  No  offences. 

Obstructions  to  the  Passage  of  Fish- 

1.  None. 

2.  No. 

3.  Yes. 

4.  None. 

6.  Yes. 

7.  No. 

Pollutions — 

1.  None. 

2.  None. 

The  Salmon  Diaeaae 
No. 

The  Spawning  Season — 

1.  26th  October  1896. 

2.  1st  and  30th  November  1896,  when  finished. 
6.  More. 

6.  Bameywater,  Black  Water  of  Dee. 

Kelte— 

1.  December. 

2.  January. 

3.  Not  known. 

Smolts — 

1.  As  usual. 

2.  Good  year. 

Artificial  Propagation  of  Salmon — 
Yes  ;  Billies,  near  River  Dee.     Practically  unlimited. 

Proportion  of  Male  to  Female  Salmon — 


THE  DISTRICT  OF  THE  RIVER  NITH, 

Take  of  Fish- 

1.  (aS  Even  better  than  last  year ;  (6)  and  (c)  better  than  last  year  ;  (rf) 

better  than  last  year,  except  rod  fishing. 

2.  (a\  (6)  and  (c)  Cannot  be  given. 

3.  (a)  In  March  ;  (6)  in  July  ;  (c)  grilse  in  July,  and  eea-trout  in  May  and 

June. 

4.  (a)  and  (&)  Cannot  be  got. 

6.  (a)  30  lbs.  ;  (6)  30  Ibn. ;  (r)  28  lbs. 
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Protection — 

1.  £816.  Oa.  6d. 

2.  2s.  6d.  per  £. 

3.  One  man  employed  and  paid  by  Board,  and  twenty -seven  gamekeepers 

sworn  as  special  watchers. 

4.  Eiglit  prosecutions  for  contravention  of  the  Solway  Act :— 4  persons  each 

nned  £1  or  7  days'  imprisonment,  and  4  persons  admonished. 
« 

Obstructions  to  the  Passage  of  Fish — 

1.  Caul  on  Cairn,  at  Caimmill,  in  Keir  and  Penpont  parishes.    There  is  a 

question  under  consideration  of  the  Board  as  to  whether  this  caul,  which 
has  recently  been  reconstructed,  does  not  obstruct  the  passage  of  fish 
more  than  formerly. 

2.  Been  fished  as  usually 

3.  The  cruives  are,  but  the  dams  are  not.    Nearly  all  the  latter  have  neither 

passes,  hecks,  or  sluices  in  accordance  with  Schedule. 

4.  No. 

5.  Yes,  at  the  time  fish  are  running  after  a  flood  ;  but  when  rivers  are  low, 

the  passes  do  not  facilitate  the  passage  of  fish. 

6.  No. 

7.  No. 


Pollutions — 

1.  No. 

2.  No. 


The  Salmon  Disease — 

1.  Very  little.    It  was  only  in  March,  and  few  were  affected. 

2.  Low,  when  it  was  seen. 

3.  None  taken. 

4.  No. 

The  Spawning  Season — 

1.  In  Octol^r. 

2.  In  JaiuiaiT,  Febinary,  and  March. 

3.  About  end.  of  March. 

4.  Fish  only  spawn  after  a  flood,  and  not  when  river  is  low. 

5.  Less. 

6.  There  are  spawniug  streams  all  along  its  course. 

Kelts— 

1.  March. 

2.  April. 

3.  In  the  begiiming  of  J  une. 

4.  Kelts  only  go  to  the  sea  when  river  is  rising  to  a  flood,  or  at  least  rising. 

Smolts — 

1.  April  and  May. 

2.  No. 

Artificial  Propagation  of  Salmon- 
No.    Armistead's  private  hatchery. 


Proportion  of  Male  to  Female  Salmon — 
Oannot  be  given. 


General  Question- 
No. 
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THE  DISTRICT  OF  THE  RIVER  ANNAN. 

Take  of  Fish— 

1.  (a)  Sfltbnon  and  trout  a  good  average,  grilse  below  average ;  i^\  g^ 

average  in  lower  portion  of  river,  not  so  good  in  upper  portion;  (c) 
salmon  and  trout  a  good  average,  grilse  ^ow  average;  ((Q  a  gooa 
average. 

2.  (a),  (ftS  and  (c)  The  lessees  of  some  of  the  different  fishings,  say  they  do 

not  keep  notes  of  number  caught,  therefore  number  cannot  be  given. 

3.  (a)  26th  February  first  open  day  ;  (6)  in  August ;  (e)  soa^troot  commenced 

third  week  in  March,  main  run  middle  of  June,  grike  commeaced  first 
week  in  June,  main  run  second  week  in  July. 

4.  (a)    The  run  was  earlier  than  last  year,  with  exception  of  on  Newbie 

fishings  ;  (6)  no  record  is  kept,  therefore  number  caught  in  each  month 
cannot  be  given. 

5.  (a)  No  net  and  coble  fishius  for  salmon  ;  (6)  45  lbs.  on  poke-nets,  Annan 

Burgh  Fishings  ;  (c)  34^  lbs.  on  Mount  Annan  Water. 

Protection— 

1.  £3181,  106. 

2.  3s.  per  £=£477,  4s.  6d. 

'^.  Foiu*.    Twenty-eight  gamekeepers  sworn  in  as  water  bailiffs. 

4.  For  offences  in  Annan  division,  ten  persons  were  prosecuted,  nine  of  whom 

were  convicted,  viz. : — Two  for  contravention  Sec.  33  Annan  Act.    Fishing 

with.net  between  high  and  low  water-mark,  without  leave,  fined  £1, 178. 

each  or  14  days  ;  five  fishing  during  weekly  close  time,  one  fined  £1,  ISs. 

or  14  days  ;  one  fined  £3,  13s.  or  30  days ;  two  fined  £2  or  14  days  ;  one 

fined  £5, 16s.  or  30  days  ;  one  during  annual  dose  time  fined  £2,  19s. 

or  14  days ;    one  for  rod-fishing  without  leave  fined  £3,  58.  6d.  or 

30  davs. 


Obstructions  to  the  Passage  of  Fish— 

1.  None  destroyed,  given  up,  or  new  ones  built,  with  exception  of  Newbie 

Mill,  on  the  Ajinan,  which  was  burned  and  has  not  been  repaired. 

2.  None  in  die  district. 

3.  Yes,  with  the  following  ixceptioiis,  viz. :— On  the  Annan  no  heck  at 

intake  or  tail  of  race  at  Annan  Mill ;  and  no  lieck  at  tail  of  mill  race 
at  Brydekirk  Mill.  On  the  Kirtle  there  are  three  dams,  viz.  at  Rigg, 
Beltenmount  Mill,  and  Kirtlebridge,  none  of  which  have  fish-passes  or 
hecks  and  never  had. 

4.  One  new  one  at  Brydekirk  Caul. 

5.  It  is  not  yet  known  exactly  how  the  new  pass  at  Brydekirk  will  answer, 

but  notes  are  being  taken,  and  report  will  be  made  when  it  is  fairly  tried. 

6.  No. 

7.  No  change. 

Pollutions— 

1.  No. 

2.  No.     The  Annan  is  almost  free  from  pollution. 

The  Salmon  Disease — 

1.  Y^.     First  appeared  in  end  of  November  1896  ;  at  its  height  beginning 

of  February  ;  disappeared  middle  of  March. 

2.  Low. 

3.  In    November,   one  (a  female  kelt)  ;    December,  five  (four  male,  one 

female),  all  clean  ;  January,  fifty-six  (forty  male,  sixteen  female),  eleven 
clean,  forly-five  kelts ;  February,  200  (ninety-nine  male,  101  female), 
eighty-seven  clean,  113  kelts  ;  March,  two  (female)  kelts. 

4.  None. 
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The  SpawniDg  Season— 

1.  25th  November. 

2.  Ist  to  16th  January. 

3.  About  middle  of  March. 

4.  Medium. 

5.  Below  average. 

6.  Northfieldy  Mount  Annan,  Luce,  Meinfoot^  Hoddom  Bridge,  Mainholm, 

at  Rotchell  in  the  Annan. 

Kelts— 

1.  First  week  in  February. 

2.  During  March. 

3.  About  end  of  April. 

4.  Medium. 

Smolts — 

1.  End  of  April,  principally  in  May. 

2.  A  good  average. 

Artificial  Propagation  of  Salmon — 
None. 

Proportion  of  Male  to  Female  Salmon — 
Ijhis  cannot  be  accurately  given,  as  notes  are  not  .taken  at  all  different 
fisheries. 

General  Question- 
Seeing  the  Royal  Commission  appointed  to  inquire  into  the  laws  affectittg 
the  Sol  way  Firth  have  recently  issued  their  Report,  I  have  nothing  to 
suggest 
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NOTE 

ABSTRACT  of  Sums  Raised  and  Expended  by  District 


'  DISTRICT  BOARDS 
RIVERS. 


Annan, 

Dee  (Solwty), 
Dee  (Aberdeen) 


Deyeron,     . 
Don,  . 

Esk  (North), 
Eak  (South), 
Findhom,  • 
Forth, 


Girvan, 

Kyle  of  Sutherland, 

Lochy, 

Ness, . 

Nitli, . 

Spoy, .         .        . 
Tay,   . 


Ugie,. 
Ythan, 


Tweed, 


PreciM 
Date  to 

which   ; 
Accounts; 

are 
made  up.  I 


Rateable 
Value  of 
Fisheries. 


1881    i 
15  May  ' 


1880 
27  Aug. 

1881 
81  Aug. 

1880 
-  Sept. 

1881 
16  May 


26  .. 
1880 
6  Oct. 

20  Aug. 


81  Oct. 


1881 
80  June 


Total 


£ 
1.891 


„      „  501 

80  July  I       9,867 


1880 
28  Aug.  .       2,864 

1881 
80  July         3,308 


6,385 
2,045 
4.055 
3,793 


674 
2,762 
1,582 
3,075 

568 

10,563 
21,698 


RECEIPTS  (EzclusiTe  of  Balance). 


Assessments, 

25  ft  26 
Vict.  c.  97. 


Penalties 
and  Ez' 
penses. 


322  I 
746 


278 

68 

88 

642 


302 
663 

447 
149 
210 
357 


58 

138 

7 

461 

142 

8vS0 
1,410 


33 

112 


74 


20  &  21  Vict. 

I  c.  148;  22  ft 

,  23  Vict.  c. 

I  70  ;  27  Vict. 

c.  60. 

18,477  2,695 


90,226 


9,086 


3 
2 
6 

1 
8 

12 

90 


(a)  272 


419 
,  1 

8 


484 


442 


£ 
352 

66 

88 

544 


302 

5 

672 

6 

447 

7 

162 

8 

212 

9 

369  1 10 


69  11 

138  12 

434  13 

461  .14 

155  ,15 

880  1 16 
1,508  1 17 


33 

117 


2,973 


20 


9,961  121 
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11. 


FiSHBBT  Boards,  during  Year  ended  15th  May  1881. 


EXPENDITURE 

(Exclusive  of  Balances). 


Wages 

and 
Salaries 
of  Clerks, 

Con- 
stables, 
Bailififo, 
Watchers, 
ftc. 


tl2 
1 13 

!^^ 

,16 

16 


I  18  I 
19 


Other 
Ex- 
penses. 


810 

31  ' 

72  i 
589  ' 


279 
480 

401 
140 
205 
412 


15 
144 
424 
272 

88 


874 
1,228 


31 
109 


20         2,888 


21         8,896 


15 


57 


14 
60 

6 

14 
4 

42 

4 
2 

8  ' 
•23  I 

27 

3 
392 


LOANS. 


Sinking 
Fund. 


Total. 


Out- 
standing 

at- 

I  close  of 

I  previous 

Year. 


(6)  684 


1,215 


£       t 
884  , 

I 
82  , 
72  I 
596 


293 
490 

407 
154 
209 
454 


19 
146 
432 

115 

877 
1,520 


33 
116 


8,017 


9,611 


383 


Out- 
standing 
at  15th 
May 
1881. 


Total 

Amount, 

if  anj, 

remain- 

^g     '. 

Invested 

at  the 

close  of 

the  Year. 


NOTES. 

(Details  of  •*  Other 
Expenses.) 


184 


888 


31 


82 


184  118 


For  Travelling   Expenses, 

advertising,  &c. 
Incidental. 

Inquiry  into  Pollution  of 
River,  Je81  ;  Disburse- 
ments by  Inspector  and 
Bailiffs,  jei8;  Prosecution 
of  Poachers  and  Inciden- 
tal Outlays,  £18. 

Prosecutions,  £7  ;  Inciden- 
tal, £7. 

Disbursements  by  Inspector, 
&c.,  and  Incidental,  £17  ; 
Law  Expenses  and  Prose* 
cutiona,  £48. 

Prosecutions  of  Offenders, 
£5 ;  Printing,  £1. 

Prosecutions. 

Incidental. 

Superintendent  of  Fisheries, 
£19;    Fishing   for  Ova, 
£18 ;  Sundries,  £10. 
Prosecutions. 
Contingencies. 
Prosecutions. 
Inspectors  and   Travelling 

Outlays  and  Incidental. 
Prosecutions,  £25 ;  Inciden- 

£2. 
Incidental. 

Prosecutions,  £187 ;  Propa- 
gation    Pond    Expenses, 
£99  ;  Miscellaneous,  £6. 
Incidental. 

TravelUng,   £1 ;  Law  Ex- 
penses, £2  ;  Printing,  £1 ; 
Interest,  £8. 
f(a)  The  expense  of  Prose- 
cutions was  £545,  being 
a  loss  to  the  Commission 
of  £278. 
(6)    Prosecutions,    £545; 
Rents,  £16  ;  Stationery 
Printing,  &c.,£89  Ex- 
{•eriments,  £1 1  ;  Miscel- 
laneous, £28. 
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XoTB  II.  (cfm/mti«c?).— ABSTRACT  of  Sums  Raised  and  £zpeoded 


RECEIPTS  (EzelatiT«  of  Balances). 


I 


DISTRICT  BOARDS 

OF 

RIVERS. 


!  Precise 

l»»*?„^    Rat«ible 


Annan, 
Oreef  . 

Dee(8olwa^),      . 
Dea(AbefdMB), . 
Deyeron,     . 
Don,  . 

Esk  (North),       . 
£sk  (South), 
Findhorn,  . 
Forth, 
Ginran, 

KyleofS«lh«riand. 
Lochy, 
Ness, 
.  Nith, . 
Spey, . 
Tay,   . 

Ugie, .        .        . 
Ythan, 


Twaad, 


A^^untb   \^^^^P^ 

are  made'  ^^•"••' I  Assessments,  Penaltiesl  ^^Z. 

up.                       I      26*26  andEx-l^^^ 

Vict.  0.97.  penses.  !j^^^^^ 


1882. 
16  May 


27  Auic. 
l.'i  May 

28  Aug. 
16  May  I 
26Aug  I 

1  Sept.  { 

I 

M  II 

16  May 
12  Juue  . 
16  May  ' 


1881. 

4  Oct 

1882. 
20  Aug. 

1881. 
9    Aug. 

25  .Tuly 


1882. 
80  June 


Total, 


1,719 

622 

1,196 

9,656 

2,676 

8,026 

6,942 

2,200 

3,498 

3,862 

571 

2,828 

1,484 

8,198 

478 

9,724 

19,680 

343 

746 


£ 
344 

66 

60 

669 

300 

529 

386 

164 

260 

386 

67 

141 

6 

320 

119 

866 

1,273 

25 

98 


Total. 


28 
5 

20 
3 
8 


18 

1 
18 
6 
4 
106 
3 


23 


158 


12 


£ 
344 

1 

88 

2 

60 

3 

697 

4 

305 

5 

549 

6 

389 

7 

167 

8 

260 

9 

387 

10 

76 

n 

141 

12 

165 

13 

338 

14 

126 

16 

870 

16 

,890 

17 

28 

18 

92 

19 

20  &  21  Vict 
c.48;22* 
28  Vict  ; 
c.  70  ;  27 
Vict  c.  60. 

1 

13,668 

2,718 

180 

11  1 

2,864 

86,664 

8,766   i 

.  ,  1 

886 

206  1 

1 

9,299 
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EXPENDITURE  (Exclu- 

LOANS. 

Sink- 
ing 

siye  of  Balances). 

* 

Fund. 

NOTES. 

III 

fl 

. 

ts2 

1 

li 

,  if  any. 
estedat 
B  Year. 

Ml 

1—1 

1 
O 

J- 

Outstanding 
beginning  o 
Year. 

1 

r 

Total  Amount, 
remaining  Inv 
the  close  of  thi 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

1 

97 

(a)  12 

809 

(a)  To  bank. 

2 

SB 

87 

95 

• 

S 

36 

. 

66 

4 

25 

43 

668 

. 

6 

[5 

a6 

351 

. 

6 

27 

67 

594 

. 

7 

(0 

16 

456 

8 

S5 

. 

156 

. 

• 

9 

51 

10 

241 

• 

10 

428 

88 

466 

11 

16 

2 

17 

12 

144 

2 

146 

' 

• 

18 

164 

3 

167 

. 

. 

14 

276 

16 

21 

313 

184 

7 

191 

16 

107 

3 

110 

16 

854 

5 

859 

. 

. 

17 

1.159 

285 

1,444 

• 

18 

26 

2 

28 

19 

88 

4 

92 

20 

2.818 

368 

2,681 

. 

21 

8,288 

28 

942 

1 
9,258       184 

7 

191 
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Note  II.  (con^ini^).— ABSTKACT  of  Sums  Raised  and  Expended 


DISTRICT  BOARDS 

OF 

RIVERS. 


Oree, 

Dee  (Solway), 

Dee  (Aberdeen), 

DeveroD, 

Don, 

Esk  (North),  . 

Esk  (South),  . 

Findhorn, 

Forth,    . 

Qirvftn,  . 

Kyle  of  Sutherland, 

Lochy,   . 

Ness, 

Nitb,     . 


Tay, 
Ugie, 
Ytban,  . 
Tweed,  . 


Precise 
Date  to 

which 
Accounts 
are  made 
up. 


1882 
31  Dec. 

1883 
15  May 


28  Aug. 
15  May 
24  Aug. 

-  Sept. 
15  May 


1  Oct. 
16  May 

15      „ 
1882 
9  Oct. 
1883 

20  Aug. 

9  » 
1882 

31  Oct 
1888 

30  June 


Total 


Rateable 
Value  of 
Fisheries. 


1.720 

532 

1,200 

9.931 

2,569 

3,016 

5,624 

2,476 

3,493 

3,896 

671 

2,388 

1,873 

8,238 

499 

8,654 

19,223 

339 

790 

13,746 


RECEIPTS  (Exdusiye  of  Balances). 


86,776 


Assess- 

ments, 

Penalties 

2.5  &  26 

and  Ex- 

Vict c. 
97. 

penses. 

£ 

£ 

688 

26 

27 

9 

60 

697 

16 

302 

1 

480 

23 

478 

6 

186 

, 

320 

390 

4 

18 

119 

7 

406 

406 

125 

1 

Other 
Sources 

of 
Incomi*. 


866 

1,346 

26 

151 
2,749 


78 

1 
170 


9,320 


757 


10 


11 


18 


11 


14 


Total. 


£ 
733 

46 

60 
624 
303 
612 
483 
186 
320 
412 

18 
119 
413 
405 
126 
866 
1,435 

25 

152 

2,933 


98   10,170 
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by  District  Fishbrt  Boards,  during  Year  ended  15th  May  1883. 


' 

EXPENDITURE 
(Exclusive  of  Balances). 

LOANS. 

Sink- 
ing 
Fund, 

NOTES. 

Salaries  of 
nstables, 
tchere,  &c. 

(m      I      rr 

i 

Qg  at  the 
r  the  Year. 

luring  the 

1 

i 

ut,  if  any, 
nvested  at 
the  Year. 

Wages  and 

Clerks,  Co 

BaUiffs,  Wa 

o 

a 
•-< 

O 

1 

Outstandi] 
beginning  ol 

r 

a 
•c 

1 

5 

Total  Amou 
remaining  I 
the  close  of 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

1 

420 

17 

7. 

444 

2 

51 

2 

58 

8 

62 

62 

• 

4 

612 

53 

665 

5 

290 

11 

801 

6 

610 

61 

571 

• 

7 

889 

'       16 

405 

8 

165 

24 

189 

9 

280 

15 

295 

10 

418 

16 

483 

11 

15 

1 

16 

• 

12 

87 

7 

94 

13 

411 

2 

413 

14 

278 

16 

29 

317 

191 

85 

166 

15 

82 

» 

91 

16 

903 

6 

909 

17 

998 

560 

1.563 

18 

21 

2 

23 

. 

19 

143 

10 

163 

20 
21 

2,887 

618 

2,960 

8,462 

B% 

1,448 

9,937 

191 

85 

156 
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NoTB  II.  (conftnuerf).— ABSTRACT  of  Sums  Raised  and  Expended 


Precise 

RECEIPTS  (EzclusiYe  of  Balanaes). 

DISTRICT  BOARDS 

OF 

RIVERS. 

Date  to 

which 

Aocount8 

are  made 

up. 

Rateable 
Value  of 
Fisheries. 

Asaeas- 
ments 
25^26 
Victc 
97. 

Penalties 
and  Ex- 
penses. 

Other 
Sources 

of 
Income. 

Total. 

i 

Annan,  . 

1884 
15  May 

1,864 

£ 
878 

£ 

18 

£ 

£ 
891 

1 

Cree,      . 

M          M 

680 

27 

10 

87 

2 

Dee  (Solway), 

27  Aug. 

1,200 

60 

1 

. 

61 

3 

Dee  (Aberdeen), 

SlJuly 

10,604 

680 

4 

9 

684 

4 

Deveron, 

16  May 

2,649 

808 

6 

■• 

809 

6 

Don,      . 

SlJuly 

8,499 

696 

24 

619 

6 

Esk  (North),  . 

25  Aug. 

6,849 

418 

6 

419 

7 

Esk  (South),  . 

31      ,. 

2,646 

178 

2 

. 

180 

8 

Findhom, 

16  Sept 

8,601 

820 

• 

• 

820 

9 

Forth,    . 

15  May 

8,862 

886 

• 

886 

10 

Oirraii,  . 

It      tt 

671 

. 

78 

. 

78  ■  11 

KyleofSmherlaud 

••      >• 

2,280 

114 

. 

1 

116  i  12 

Lochy    . 

i»      »» 

1,677 

7 

. 

406 

412  ,  13 

Nee.,      .        . 

»»      »» 

2,924 

827 

2 

8 

837     14 

Nith,     .        . 

*•      tt 

606 

126 

8 

• 

184      15 

Spey.     .        . 

tt      tt 

8,464 

881 

. 

• 

881  '  Itf 

T.y,       .        . 

20  Aug. 

17,778 

1,244 

62 

7 

1,818  '  17 

Ugie.     .        . 

9           M 

839 

28 

. 

. 

28     18 

Ythan,  . 

81  July 

726 

99 

. 

- 

99     19 

Twteil,  . 

80  June 
Total 

18,668 

2,726 

170 

11 

2,906 

20 

86,811 

8,886 

876 

442 

P,654 

21 
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by  DiSTRiot  FiBHERT  Boards,  during  Year  ended  15th  May  1884. 


EXPENDITURE 

LOANS. 

Sink- 

(KxduBive of  Balances). 

ing 
Fund. 

NOTES. 

ill 

1 

i 
1 

i 

II 

Borrowed  during  the 
Year. 

i 

«>4 

Wages  and 

Clerks,  Co 

Bailiffs,  Ws 

J 

o 

1 

B 

x 

s 

1 

?2 

f 

s 
O 

Totol  Amou 
remaining  I 
the  close  of 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

1 

822 

10 

172 

504 

2 

27 

2 

29 

8 

64 

. 

64 

4 

699 

81 

680 

5 

801 

13 

814 

• 

470 

108 

678 

► 

1 

882 

1 

888 

8 

lf6 

8 

179 

0 

824 

2 

6 

832 

10 

414 

18 

482 

11 

20 

20 

12 

178 

6 

179 

18 

410 

. 

410 

• 

14 

276 

12 

80 

818 

166 

21 

186 

16 

88 

64 

147 

1« 

878 

8 

876 

17 

1,064 

872 

1,486 

18 

26 

2 

28 

19 

91 

8 

99 

20 

21 

2,888 

886 

2,772 

8,481 

24 

1,270 

9,776 

166 

21 

186 
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NoTB  n,  (c(m<tnwerf).— ABSTRACT  of  Sums  Raised  and  Expended 


Precise 

RECEIPTS  (ExclusiTe  of  Ba 

Jances). 

1 

DISTRICT  BOARDS. 

OF 

RIVERS. 

Date  to 

which 

Accounts 

are  made 

up. 

Rateable 
Value  of 
Fisheries. 

Assess- 
ments, 
25&26 
Vict 
c.97. 

Penalties' 
and  Ex- 
penses. 

Other 
Sources 

of 
Income. 

Total. 

1 

Annan,  .        • 

1885. 
15  May 

£ 
1,988 

£ 

887 

£ 
76 

£ 

£ 
468 

1 

Oree,      . 

it        ti 

645 

82 

82 

2 

Dee(Solway), 

27  Aug. 

1,285 

64 

64 

8 

Dee  (Aberdeen),      . 

26      „ 

10,791 

765 

18 

768 

4 

Deveron, 

28      „ 

2,840 

802 

802 

5 

Don, 

2«      ,. 

8,895 

611 

7 

618 

6 

Esk  (North), .        . 

ft           t> 

6,757 

888 

888 

7 

* 

Esk  (South,   . 

81  Aug. 

2,889 

202 

6 

208 

8 

Findhom, 

16  Sept 

8,546 

854 

854 

9 

Forth,    .        .        . 

15  May 

8,981 

898 

. 

2 

895 

10 

Ginran, . 

>•      ti 

571 

. 

. 

11 

KyleofSntherland 

it        it 

2,222 

157 

157 

12 

Loohy,  . 

l>        t» 

1,677 

7 

. 

248 

250 

13 

Nest,     . 

»        •» 

8,080 

471 

8 

474 

14 

Nith,     . 

»i         »i 

558 

160 

. 

. 

160 

15 

Spey,     . 

8  Oct 

8,480 

918 

1 

. 

914 

16 

T»y,      .       . 

20  Aug. 

19,656 

1,572 

95 

89 

1,706 

17 

Ugie.     .        . 

9      ,. 

884 

28 

28 

18 

Ythan,  . 

81  Oct 

726 

146 

2 

. 

148 

19 

Tweed.  . 

80  June 
Total, 

18,557 

2,711 

215 

17 

2,948 

20 
21 

68,218 

9,608 

416 

804 

10,822 
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by  DiSTRiOT  F18HBRT  Boards,  during  Tear  ended  16th  May  1885. 


EXPENDITURE 
(Exclusive  of  Balances). 

LOANS. 

Sink- 
ing 
Fund. 

NOTES. 

lis 

a 

"S  2 

1 

60 

-1 

»  if  any, 
ested  at 
e  Year. 

Wages  and  Sal 

Clerks,  Const 

Bailiflfs,  Watch 

1 

1 

■J 

1 

1 

1 
1 

00  3> 

Il 

Total  Amount, 
remaining  Inv 
the  close  of  th 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

1 

822 

15 

246 

583 

2 

41 

41 

3 

68 

1 

64 

4 

694 

138 

882 

6 

277 

4 

6 

287 

6 

490 

148 

688 

7 

848 

7 

855 

8 

180 

9 

189 

9 

888 

10 

848 

10 

892 

12 

404 

11 

18 

. 

18 

12 

144 

12 

156 

18 

260 

. 

250 

14 

277 

7 

25 

309 

185 

. 

185 

16 

91 

50 

141 

16 

874 

9 

888 

. 

17 

1,000 

685 

1,685 

18 

26 

2 

28 

- 

19 

184 

14 

148 

These  figures  are  for 
16   months,    viz.. 

20 

2,460 

890 

2,850 

, 

from  8l8t  July  1884 
to  8l8t  Oct  1885. 

21t 

8,414 

26 

1,714 

10,154 

185 

185 
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NoTB  II.  (con<iwi*«i).— ABSTRACT  of  Sums  Raised  and  expended 


Precise 

RECEIP'i'8  (Exclnsiye  of  Balances). 

DISTRICT  BOARDS 

or 

RIVERS. 

Date  to 

which 

Accounts 

are  madt; 

np. 

Rateable 
Value  of 
Fisheries. 

Assess- 
ments, 
25&26 
Vict  c 
97. 

Penalties 
and  Ex- 
penses. 

Other 
Sources 

of 
Income. 

• 

TOTAU 

Annan,  .... 

1886. 
16  May 

1,998 

899 

62 

£ 

• 

£ 
451 

1 

Oree,      • 

»i  t> 

680 

40 

. 

12 

52 

2 

Dee  (Solway), 

I  Oct 

1,566 

78 

. 

78 

8 

Dee  (Abexdeen),     . 

26      „. 

10,805 

864 

11 

875 

4 

Deveron, 

28      .. 

1,790 

800 

6 

805 

5 

Don,      . 

2»      „ 

8,588 

718 

14 

782 

6 

Esk  (North), .        . 

»           f* 

7,216 

861 

8 

864 

7 

£8k.(Soath),  . 

«1           „ 

2,984 

205 

8 

213 

8 

Findhom,      . 

15  Sept 

8,546 

850 

850 

9 

Forth,    . 

.   > 

16  May 

4,240 

424 

9 

1 

484 

10 

Ginran, . 

•1      t> 

671 

. 

. 

11 

Kyle  of  Sutherland 

> 

i»      t> 

2,545 

191 

. 

191 

12 

Lochy,  . 

n        »t 

1,682 

7 

• 

645 

652 

18 

Ness.      .        . 

t>        »» 

8,225 

846 

1 

847 

14 

Nith,     . 

If        *f 

534 

184 

11 

.  145 

16 

Spey,     . 

8  Oct 

9,488 

889 

4 

898 

16 

Tay        .        . 

20  Aug. 

20,447 

1,584 

70 

4 

1,608 

17 

Ugie,     .        . 

»       M 

801 

26 

26 

18 

Ythan,  . 

. 

81  Oct 

726 

186 

1 

187 

19 

Tweed,  . 

• 

80  June 
Total, 

18,681 

2,786 

285 

24 

2,995 

20 

91,407 

9,788 

424 

686 

10,848 

21 
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by  Di&TRiGfT  FwHERT  BoARDS,  during  Year  ended  16tb  May  1886. 


EXPENDITURE 
(Ezcluaive  of  BaUnces). 


£ 
960 

44 

68 
650 
818 
497 
862 
228 
826 
418 

18 
146 
652 
282 

72 

915 

1.125 

26 

129 

2,518 


9,144 


s 


a 


£ 
20 


28 


M 


75 
82 
801 
21 
65 
4 
14 


24 

4 
2 

711 
1 
8 

456 


1,944 


5 


8^ 


£ 
606 

44 

68 
725 
855 
798 
888 
288 
880 
482 

18 
146 
652 
809 

76 

917 

1,886 

27 

187 

2,969 


11,116 


LOANS. 


-3 


-§1 


(2 


Mo 

Si 


Sink- 
ing 

FlTND. 


Pg:g 


NOTES. 
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Note  II.  (con/inKe^).-- ABSTRACT  of  Sums  Ridsed  and  Expended 

Precise 

- 

RECEIPTS  (Exclusive  of  Balances). 

DISTRICT  BOARDS 

OF 

RIVERS. 

Date  to 

which 

Accounts 

are  made 

up. 

Rateable 
Value  of 
Fisheries. 

Assess- 
ments, 
26^26 
Vict 
C.97. 

Penalties 
and  Ex- 
penses. 

Other 
Sources 

of 
Inoome. 

TOTAU 

J 

AnnaD» .... 

1887 
81  Dec 

£ 
1,998 

£ 
899 

£ 
26 

£ 

£ 
424 

1 

Cree,      .        .        .        . 

16           M 

640 

40 

10 

60 

2 

Dee  (Solway), 

1     Oct 

1,616 

69 

69 

8 

Dee  (Aberdeen),      . 

26      „ 

11,220 

786 

6 

790 

4 

Deveron, 

28  Aug. 

1,884 

802 

10 

812 

6 

Don,      .... 

26      ,» 

8,708 

741 

42 

788 

6 

Esk  (North), .        .        . 

19           M 

6,400 

864 

18 

867 

7 

Esk  (South).  . 

81      „ 

8,104 

248 

6 

264 

8 

Findhom, 

16  Sept 

8,661 

880 

880 

9 

Forth,   .        .      ,.        . 

16  May 

4,882 

488 

16 

1 

464 

10 

GlTTMl,  .... 

1)       >> 

642 

81 

81 

11 

Kyle  of  Sutherland, 

»»       »» 

2,668 

149 

. 

149 

12 

Lochy,  .... 

It           o 

1,749 

7 

4 

648 

669 

18 

Ness,      .... 

t»          »> 

8.289 

820 

820 

14 

Nith,     . 

1)        t> 

616 

129 

18 

142 

16 

Spey.     .        .        .        • 

8   Oct 

9,669 

916 

7 

928 

16 

Tay,       .... 

10  Aug. 

22,642 

1,691 

96 

98 

1,879 

17 

Ugie 

9           M 

290 

17 

21 

88 

18 

Ythan,  . 

16  July 

816 

126 

8 

128 

19 

Tweed 

lO  June 
Total, 

14,882 

2,876 

261 

19 

8,146 

20 
21 

94,644 

10,017 

610 

771 

11,298 
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by  DiSTRiOT  Fishery  Boaeds,  during  Year  ended  15th  May  186T. 


(Excl 
^    -J 

ill 

SFENDITURE 
usive  of  Balances). 

LOANS. 

SlNK- 

Fmrn, 

« 

a 
o 

o 

1 

u 

1 

1 

F 

if; 
li 

Total  Amount,  it  any, 
remaining  Invested  at 
the  close  of  the  Year. 

1 

1 

£ 
849 

£ 

£ 
84 

£ 
488 

£ 

£ 

£ 

£ 

£ 

2 

45 

1 

46 

8 

80 

80 

4 

729 

186 

865 

5 

278 

3 

11 

287 

6 

585 

219 

754 

7 

887 

48 

885 

8 

248 

16 

259 

0 

817 

10 

827 

10 

445 

65 

500 

11 

15 

. 

15 

12 

142 

6 

148 

18 

659 

. 

659 

14 

278 

2 

25 

800 

Ifl 

100 

48 

148 

1ft 

942 

9 

951 

17 

1,187 

884 

1,521 

18 

26 

12 

88 

19 

118 

8 

7 

128 

20 

2,500 

• 

888 

8,888 

21 

9,260 

18 

1,899 

11,172 

NOTES. 
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NoTB  II.  (con^tnM^ri).— ABSTRACT  of  Sums  Raised  and  Expended 


RECEIPTS  (Exclusive  of  Balances). 

DISTRICT  BOARDS 

OF 

RIVERS. 

Rateable 
Value  of 
Fisheries. 

A««cj«- 
meiits, 
26  k  26 
Vict  c. 
97. 

Penalties 
and  Ex- 
penses. 

Other 
Sources 

of 
Income. 

Total, 

Annan, 

2,007 

272 

£ 
81 

£ 
4 

£ 
857 

1 

Cree,    . 

580 

40 

10 

50 

2 

Dee  (Solway), 

1,617 

76 

. 

76 

8 

Dee  (Aberdeen), 

12,582 

1,002 

41 

• 

1,048 

4 

Deyerou, 

1,865 

801 

7 

• 

808 

5 

Don,    . 

8,908 

860 

6 

. 

866 

6 

Esk  (North), 

6,419 

858 

2 

. 

855 

7 

Esk  (South), 

8,124 

812 

2 

• 

814 

8 

Kndhom,    . 

8,551 

318 

. 

818 

9 

Forth, 

4,241 

424 

19 

1 

444 

10 

Oirva.,        . 

542 

. 

. 

, 

11 

Kyle  of  Sutherlan 

d, 

2,585 

151 

. 

151 

12 

Lochy, 

1,628 

7 

8 

(a)672 

682 

18 

Ness,  . 

8,291 

295 

. 

. 

295 

14 

Nith,  . 

447 

(6)112 

'    4 

. 

116 

16 

Spey,  .        .        , 

10,668 

978 

82 

. 

1,010 

16 

Tay,     .        . 

22,108 

1.487 

186 

12 

1,584 

17 

Tweed,         .        , 

,  • 

14,199 

2,840 

178 

28 

8,086 

18 

Ugie,  .        .        , 

284 

81 

10 

. 

41 

19 

Ythan, 

876 

164 

14 

• 

178 

20 
21 

Total,  . 

96,812 

9,978 

529 

722 

11,224 
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by  DifiTRiOT  FiSHBBY  Boards,  during  Year  ended  15th  May  1888. 


EXPENDITURE 
(Exclusive  of  Balances). 

LOANS. 

Sink- 
ing 
Fund. 

1 

1 

bt 

Wages  aud  Salaries  of 

Clerks,  Constables, 
Bailiffs,  Watchers,  &c. 

erf 

*© 

1 

s 
^-1 

1 

M 

4 

1 

|3 

Borrowed  during  the 
Year. 

9 

1 

U 
fl 

o  *» 

Total  Amount  reroaininj 

Invested  at  the  close  of 

the  Year. 

NOTES. 

£ 

£ 

£ 

£ 

i 

I         £ 

£ 

£ 

£ 

1 

45 

181 

526 

• 

2 

47 

2 

49 

. 

. 

S 

66 

66 

. 

. 

. 

4 

928 

110 

1,088 

828 

107 

216 

6 

276 

4 

9 

289 

• 

. 

6 

627 

117 

744 

100 

84 

66 

7 

856 

14 

870 

. 

. 

8 

215 

108 

828 

9 

822 

7 

829 

. 

. 

10 

421 

52 

478 

. 

. 

11 

15 

. 

15 

. 

• 

12 

142 

9 

151 

. 

. 

18 

682 

• 

682 

• 

(a)  Contributed  by 
Lord  Abinger. 

14 

274 

1 

24 

299 

• 

15 

88 

88 

121 

• 

• 

(6)  Two  proprietors 
instead  of^paying 

16 

988 

7 

995 

• 

• 

assessment  pro- 
vide two  water- 

17 

1,081 

570 

1,651 

• 

bailifffr— not  ap- 
pearinginRetam. 

16 

2,762 

858 

8,110 

• 

' 

19 

25 

16 

41 

. 

20 
21 

149 

7 

22 

178 

• 

9,789 

12 

1,644 

11,445 

428 

141 

282 
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NoTB  II.  (coTi/i'nt^).— ABSTRACT  of  Sums  Raised  and  Expended 


DISTRICT  BOARDS 

OF 

RIVERS. 


Annan, 

Cree,   .... 

Dee  (Solway), 

Dee  (Aberdeen),  . 

Deveron, 

Don,    .... 

Eak  (North), 

Esk  (South), 

Findhorn,    . 

Forth, 

Ginran, 

Kyle  of  Sutherland,      . 

Loohy, 

Ness,  .... 

Niih,  .... 

Spey,  .        .        .        . 

ray.     .        .        .        . 

Tweed, 

Ugie,   .        .        .        . 

Ythan, 

Total, 


Rateable 

Value 

of 

Fisheries. 


2,007 

580 

1,617 

12,086 

1,748 

929 

6,608 

8,104 

8,551 

4,187 

542 

2,610 

1,866 

8,185 

402 

10,668 

19,701 

14,254 

351 

876 


RECEIPTS  (Exclusiye  of  Balances). 


Assess- 
ments, 
25  k  26 
Vict.  c. 
97. 


Penalties 
and  Ex 
penses. 


551 

40 

75 

1,204 

271 

864 

880 

812 

807 

414 

152 

8 

808 

(6)  100 

977 

1,879 

(c)  2,842 

29 

188 


98,667 


10,846 


59 


18 
1 

12 
8 
2 


1 

4 

12 

82 

106 

184 

2 

18 


466 


Other 
Sources 

of 
Income. 


(a)  678 


162 
12 


861 


Total. 


610 

48 

75 

1,222 

272 

876 

889 

814 

807 

421 

158 

690 

815 

100 

1,009 

1,647 

8,088 

81 

156 


11,678 


21 
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by  D18TKICT  F18HEKY  B0ABD8,  during  Year  ended  15th  May  1889. 


EXPENDITURE 
(Exclusiye  of  Balances). 


•s 


^  iS 


^^1 


21 


£ 
34-2 

47 

69 

846 

260 

584 

860 

192 

827 

423 

15 

143 

690 

281 

87 

1,055 

1,025 

2,739 

25 

189 


9,639 


a 


17 


£ 
383 


281 
26 

159 
25 
14 

25 


35 

10 

8 

417 

686 

6 

13 


o 


676 

47 

69 

1,086 

287 

746 

376 

206 

327 

448 

15 

146 

690 

317 

97 

1,063 

1,442 

3,425 

31 

155 


LOANS. 


1.5 

.0 


1,991 


11,647 


216 


66 


2 


282 


& 


106 


36 


ed>4 
IS 

li 


110 


31 


Sink- 
ing 
Fund. 


5    flS    4> 

^  > 

o  *^ 


141 


141 


NOTES. 


(a)  Contributed   by 
Lord  Abinger. 


(6J  Two  proprietors, 
instead  of  paying 
assessment,  provide 
three  water  Dailiffs ; 
their  oost  does  not 
appear  in  Return. 

(c)  tinder  Acts  20  & 
21  Vict.  0.  148, 
and  22  &  23  Vict 
c70. 
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NoTB  II.  (con^mt^).— ABSTRACT  of  Sums  Raised  aud  Expended 


! 

RECEIPTS  (Excluaiye  of  Balances). 

1 

DISTRICT  BOARD              '   Rateable 

OP                                 Value  of 

RIVERS.                         Fishenea. 

Assess- 
ments, 
25&26 
Vict.  c. 
67. 

Penalties 
and  Ex- 
penses. 

Other 
Sources 

of 
Income. 

Total. 

1 

Annau, 

•        .        «        > 

£ 
2,107 

£ 
787 

£ 
28 

£ 

£ 
765 

!          1 
1          1 

1      ^1                          ^ 

Awe,    . 

701 

4 

4 

2 

Balgay,        . 

40 

60 

60 

8 

Bervie, 

686 

78 

8 

20 

96 

4 

CoDon, 

2,624 

196 

• 

196 

6 

Cree,   . 

680 

40 

8 

48 

6 

Dee  (Aberdeen), 

12,274 

1,106 

8 

6 

1,118 

7 

Dee  (Solway), 

1,627 

76 

20 

96 

8 

DeYeron,      . 

1,800 

270 

. 

• 

270 

9 

Don,    . 

8,906 

708 

18 

2 

723 

10 

Esk  (North), 

6,726 

870 

. 

1 

871 

11 

Eak  (South), 

8.012 

211 

1 

1 

218 

12 

Fiiidhom,    . 

8,661 

820 

. 

• 

820 

18 

Forth, 

4,257 

426 

4 

. 

480 

14 

Ginran, 

642 

. 

. 

. 

15 

Kyle  of  SutherUn 

d, 

2,698 

146 

. 

146 

16 

Lochy, 

•  1,674 

7 

. 

(o)707 

714 

17 

Nairn, 

1,642 

99 

• 

• 

99 

18 

Neas,   .        .        . 

3,079 

821 

. 

321 

19 

Nith,   . 

428 

(6)106 

88 

139 

20 

Spey,  .        .        . 

10,669 

978 

2 

980 

•21 

Tay,     .        .        . 

17,781 

1,507 

14 

5 

1,626 

22 

Tweed,         .        . 

14,278 

(c)2,866 

102 

13 

2,970 

23 

Ugie,  .        .        . 

848 

29 

• 

29 

24 

Urr,     .        .        . 

(rf). 

• 

62 

Ythan, 

876 

11.^ 

2 

117 

26 

Tot 

'AL,   . 

97,593 

10,740 

219 

7h2 

11,741     27  ; 

1 
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EXPENDITURE 
(Exclusive  of  Balances). 

LOANS. 

Sink- 
ing 
Fund. 

NOTES 

lariesof 
tables, 
tiers,  &c 

1 

i 

1 

f 
1 

1 

tJtS 

remain- 

atthe 

Year. 

Wa^  and  Sal 

Clerks,  Cons 

Bailiffs,  Watcl 

o 

i 

S 

d 

o 

Outstanding 

beginning  < 

Year. 

Y 

li 

Total  Amount 

ing  Invested 

close  of  the 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

1 

325 

52 

877 

2 

68 

63 

8 

25 

25 

50 

4 

89 

. 

89 

6 

158 

51 

204 

6 

54 

54 

7 

792 

6 

187 

984 

107 

107 

« 

76 

76 

9 

289 

. 

289 

' 

* 

10 
11 
12 
13 
14 
15 

546 
854 
192 
822 
402 
16 

2 

118 
6 

18 

4 

82 

666  j      34 
359  1 
210  ■ 
326  1      . 
434 
15;      . 

84 

16 

144 

. 

144 

17 

711 

711 

(a)    Contributed     by 
Lord  Abinger. 

18 

78 

6 

78 

19 

296 

1 

43 

840 

20 

87 

19 

106 

* 

(6)  Two    proprietors, 
instead    of   paying 

21 

918 

7 

925 

assessment,  provide 
three  water  bailiffs ; 

22 

972 

866 

1,838 

their  cost  does  not 
appear  in  Return, 
(c)  Under  Acts  20  k 

23 

2,778 

300 

3,073 

21    Vict.    c.    148, 

24 

25 

4 

29 

22  k  28  Vict.  c.  70. 

26 

, 

1 

1 
•      1      • 

(d)  No  receipt  or  ex- 

penditure. 

26 

108 

2 

7 

117 

27 

9,804 

10 

1,748 

11,567 

141 

141 

F 
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NoTB  II.  (con^mi^.— ABSTRACT  of  Sums  Raised  and  Expended 


DISTRICT  BOARDS 

OF 

RIVERS. 


Annan,        .... 

Awe, 

Balgay,  .... 
Bervie,  .... 
Conon,         .... 

Cree, 

Dee  (Aberdeen),   . 

Dee  (Solway), 

Deveron,      .... 

Don, 

Eak  (North), 
Esk  (South), 

Findhorn,  .... 
Forth,  .... 

Girvan,        .... 
Kyle  of  Sutherland,     . 
Lochy,         .... 
Nairn,  .... 

Ness,   .... 
Nith,  .... 

spey» 

Sutherland,  Northern  District, 
Tay 

Torridon,     .... 

Tweed,         .... 

Ugie 

Urr, 

Ythan,  .... 

Total.     . 


Rateable 
Value  of 
Fisheries. 


£ 
2,112 

701 
40 

686 
2,560 

530 
11,968 
1,463 
2,047 
3,646 
6,476 
3,012 
8,541 
3,890 

542 
2,640 
1,895 
1,543 
3,366 

443 

9,669 

1.315 

17,820 

40 

14,414 
858 

931 


97,648 


RECEIPTS  (Exclusive  of  Balance). 


Assess- 
ments, 
25^26 
Vict,  c 
97. 


Penalties 
and  Ex- 
penses. 


£ 
533 

96 

41 

88 

181 

40 

957 

73 

307 

656 

356 

211 

320 

389 

54 

154 

8 

109 

323 

(c)  102 


110 


1.515 


2,883 
76 

178 


10,694 


96 


35 


5 

1 

38 


92 

7 


305 


Other 
Sources 

of 
Income. 


(« 


753 


Total. 


799 


£ 
631 

96 

41 
109 
181 

48 
992 

73 
307 
660 
864 
214 
320 
893 

59 
154 
761 
109 
323 
108 

927 

110 

1,558 


2,984 
83 

185 


11,798 


1 

2 

8 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15  > 
16 
17 
18 
19 
20 

21 

22 

23 

24 

25 
26 
27 

28 

29 
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by  District  Fishery  Boards,  during  Year  ended  15th  May  1891. 


EXPENDITURE 
(Ezclnsiye  of  Balances). 


£ 
320 

70 

41 
101 
136 

53 
848 

76 
280 
600 
363 
209 
321 
423 
5 
116 
761 

73 
290 

98 

913 

98 

951 

8 

2,725 
25 

161 


J 


o 


£ 
180 


2 
41 

118 
1 
8 

(a)210 
80 
31 
5 
17 
14 
9 

4 
49 
16 

23 

12 

((2)461 


(«)315 

58 

18 


I 


£ 
500 

70 

41 
103 
177 

58 
966 

77 
290 
810 
393 
240 
327 
440 

19 
125 
761 

77 
341 
114 

938 

110 

1,412 

8 

3,040 
83 

185 


10,065,      13    1,622  11,700 


LOANS. 


£ 
240 


240 


& 


£ 
130 


130 


-3 

9 

o 


^5 


£ 
110 


110 


Sink- 
ing 
Fund. 


NOTES. 


(a)  Inclades  altera- 
tions on  dam,  dyke, 
and  pass,  £106. 


(h)  Contributed  by 
Lord  Abingsr. 


(c)  Two  proprietors, 
instead  of  paying 
assessment,  provide 
three  water  bailiffs ; 
their  cost  does  not 
appear  in  Return. 

{d)  Includes  prose- 
cutions, £290 ; 
steam  launch  fur- 
nishings, £47 ;  up- 
keep of  hatoheriety 
£36. 

(e)  Includes  prose- 
cutions, £215. 
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Note  II.  (ccm^int^).— ABSTRACT  of  Sums  Raised  and  Expended 


DISTRICT  BOARDS  \  Rateable 

OF  Value  of 

RIVERS.  I  Fisheries. 


ADnan,        .... 

aW6|      .  .  I  .  . 

Balgay 

Beirie,         .... 
Conon,         .... 

Cree, 

Dee  (Aberdeen),   . 

Dee  (Solway), 

Deveron,      .... 

Don, 

Esk  (North), 
Esk  (South), 
Fiiidhom,    .... 

Forth 

Qirran,        .... 
Kyle  of  Sutherland,      . 

Lochy, 

Nairn, 

Ness, 

Nith 

Spey, 

Sutherland,  Northern  District, 

Tay 

Torridon,     .... 

Tweed 

Ugie 

Urr, 

Ythan,         .... 


Total.  . 


£ 
2.099 

718 

40 

686 

2,756 

580 

12,336 

1,468 

2,071 

3,623 

6,519 

3,012 

8,501 

8,704 

542 

2,665 

1,961 

1,848 

3,254 

428 

9,687 

1,815 

17,227 

40 

14,746 

858 

1,004 


RECEIPTS  (Exclusive  of  Balances). 


Assess- 
ments, 
251(26 
Vict.  c. 
97. 


Penalties 
and  Ex- 
penses. 


97,528 


£ 
524 

99 

41 

88 

195 

40 

868 

78 

285 

725 

875 

226 

816 

468 

855 
8 

70 

825 

(a)112 

1,009 

188 

1,206 

8 

2,904 

27 

141 


88 
11 

1 
5 

25 
3 


Other 
Sources 

of 
Income. 


37 
5 

81 

101 


10,611 


865 


19 


20 
2 


Total. 


756 


811 


£ 
617 

no 

41 

109 

202 

48 

888 

76 

285 

732 

877 

234 

816 

463 

4 

855 

764 

70 

861 

150 

1,016 

133 

1,245 

8 

8,007 

27 

149 


11,787 
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by  District  Fishbbt  Boards,  during  Year  ended  15th  May  1892. 


i 

EXPENDITURE 

(Exclusive  of  Balance^). 

1 

LOANS. 

Sink- 

INO 

Fund. 

1 

! 

1 

and  Salanes  of 
8,  Constables, 
,  Watchers,  &c. 

1 

i 

1 

4 

-J 
II 

1 

n 

1 

3    ® 

Total  Amount  remain- 
ing Invested  at  the 
cloeeofthe  Year. 

NOTES. 

Wages 

Clerk 

BailiflTs 

s 

t 

fa 

^1 

1 

1 

II 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

1 

304 

119 

423 

110 

110 

2 

70 

7 

77 

8 

41 

41 

4 

99 

4 

103 

5 

124 

23 

147 

6 

58 

58 

7 

845 

151 

996 

* 

8 

67 

67 

i 

9 

278 

13 

291 

10 

588 

. 

90 

678 

11 

862 

21 

388 

12 

209 

48 

257 

18 

818 

1 

8 

817 

14 

440 

88 

528 

15 

5 

2 

7 

16 

288 

8 

78 

864 

17 

768 

768 

18 

74 

6 

80 

19 

805 

1 

59 

865 

20 

76 

34 

110 

(a)  Two  proprietors, 
instead  of  paying 

21 

932 

17 

949 

22 

123 

10 

183 

assessment,  pro- 
vide three  water 

28 

889 

366 

1,255 

bailiffs;  their  cost 

24 

ft 

g 

does  not  appear 

o 

• 

inBetom. 

25 

2,758 

287 

8,040 

26 

25 

1 

1 

27 

' 

27 

. 

28 
29 

187 

4 

7 

148 

10,171 

1       ^^ 

1,424 

11.605 

110 

110 
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NoTB  II.  (con^iwtteo^).— ABSTRACT  of  Sums  Kaised  and  Expended 


DISTRICT  BOARDS  Rateable 

OF  Value  of 

RIVERS.  I  Fisheries. 


Alness, 
Annan, 
Awe,    . 

Bervie, 

Conon, 

Cree,    . 

Dee  (Aberdeen), 

Dee  (Solway), 

Deveron, 

Don,    . 

Esk  (North), 

Esk  (South), 

Findhom,    . 

Forth, 

Girvan, 

Kyle  of  Sutherland, 

Lochy, 

Nairn, 

Ness,    . 

Nith,  . 

Spey,  . 

Stinohar, 

Tay,     . 

Torridon, 

Tweed, 

Ugie,   . 

Urr,     . 

Ythan. 


Total, 


2,166 

723 
40 

586 
2,975 

544 
13,911 
1,463 
2,078 
3,964 
6,609 
3,012 
3,491 
3,766 

642 
2,613 
1,961 
1,343 
3,263 

766 
9,687 

19,008 

40 

14,578 

368 

1,004 


RECEIPTS  (exclusive  of  Balances). 


ments, 

26  k  26 

Vict.  c. 

97. 


Penalties! 
and  £x- 


100,459 


432 

90 

26 

88 

211 

41 

1,113 

73 

285 

793 

379 

241 

320 

466 

261 
8 


Other 
Sources 

I^"^^«-    Income. 


126 


10,490 


80 


17 
3 

14 

8 

4 


825 

18 

99 

24 

1,009 

5 

1,141 

46 

8 

2,940 

166 

27 

, 

879 


680 
2 


Total. 


20 


787 


512 

2 

90 

3 

26 

4 

108 

5 

214 

6 

49 

7 

1,117 

8 

73 

9 

289 

10 

810 

11 

888 

12 

255 

13 

320 

14 

464 

15 

4 

16 

261 

17 

688 

18 

2 

19 

838 

20 

124 

21 

1,014 

22 

23 

1,187 

24 

8 

26 

8,116 
27 

127 


11,606 
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BXPEKDITURE  (Ezclosiye  of 
Balances). 


333 

70 

25 

99 

133 

56 

687 

60 

280 

531 

359 

211 

322 

425 

5 

189 

685 

74 

282 

90 

982 

864 

8 

2,766 

25 

117 


9,698 


5 

a 


K 


3 

68 

3 

1 

1 

17 

1 

552 

12 

321 

11 

36 

3 


5 

2 

2 

88 

69 

17 

336 

341 


J 


23 
391 

73 

26 
100 
150 

57 
1,239 

60 
293 
852 
370 
247 
326 
508 
7 
194 
687 

76 
321 
159 
999 

1.200 

8 

3.107 

27 

127 


1,923      11,627 


LOANS. 


5| 


2 
I 


too 


Sink I NO 
Fund. 


.a  ®  . 

2  «>. 


g  ►  o 


II 


^-" 
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NoTB  II.  {r/mtinued).— ABSTRACT  of  Sums  Raised  and  Expended 


RECEIPl'S  other  than  from  Loans. 

DISTRICT  BOARDS 

OF 

RIVERS. 

Rateable 
Value 
of  the 

Fisheries.' 

Assess- 
ments. 

Penalties 
and  ex 
penses. 

Other 
Sources. 

Total. 

1. 

2. 

3. 

4. 

5. 

1 

Alne8s, 

£ 
679 

198 

£ 

£ 

£ 
198 

Annan,        . 

2,778 

'      417 

75 

. 

492 

2 

Awe,    . 

728 

. 

9 

. 

9 

3 

Balgay,        .        . 

40 

24 

. 

. 

24 

4 

Benrie, 

586 

184 

10 

144 

5 

Gonon, 

2,944 

122 

. 

1 

123 

6 

Oree,   . 

554 

42 

. 

8 

50 

7 

Dee  (Aberdeen),   . 

14,498 

1,160 

1 

1,161 

8 

Dee  (Solway), 

1,463 

73 

. 

73 

9 

^ 

Deveron, 

2,188 

312 

1 

313 

10 

Don,    . 

8,748 

749 

12 

761 

11 

Esk  (North), 

6,812 

381 

6 

2 

889 

12 

Esk  (South), 

8,002 

240 

10 

250 

13 

Findhorn,     . 

8,501 

330 

. 

330 

14 

Forth, 

8,806 

446 

11 

457 

15 

Girvan, 

554 

46 

46 

16 

KyleofSutherlan 

d, 

2,658 

222 

. 

222 

17 

Lochy, 

2,122 

9 

t764 

778 

18 

Nairn, 

1,843 

147 

1 

148 

19 

Ness,    .        . 

8,468 

823 

. 

823 

20 

Nith,  .        . 

775 

47 

47 

21 

Spey,  . 

9,316 

1,242 

8 

1,250 

22 

Tay,    . 

21,768 

1,306 

29 

1,835 

28 

Torridon,     . 

40 

8 

8 

24 

Tweed, 

15,588 

3,117 

148 

3,260 

25 

Ugie.   .        . 

356 

28 

28 

26 

Ythan, 

1,004 

178 

1 

179 

27 

1 

?OTAt 

106,099 

11,301 

307 

785 

12,393 

28 

*  This  value  is  ascertained  in  terms  of  the  Salmon  Fisheries  Act  of  1862. 
t  Contributions  from  Lord  Abinger. 
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by  District  Fishbrt  Boards,  during  Year  ended  15th  May  1894. 


EXPENDITURE,  not  defrayed  out  of  Loans. 


Loans. 


£ 
157 

812 

70 

24 
100 
179 

56 
884 

75 
288 
623 
858 
232 
824 
439 
5 
224 
674 

74 
255 

73 

1,035 

828 

8 

2,786 

25 
159 


10,267 


a 


10. 


s 


11. 


27 

75 

1 

52 
12 

145 

12 
83 
10 
29 

6 
27 

4 

7 
80 

9 

54 

27 

51 

877 

320 
3 


1,431 


£ 
184 

887 

71 

24 

152 

191 

56 

1,029 

75 

800 

706 

868 

261 

330 

466 

9 

231 

754 

33 

309 

100 

1,086 

1,205 

8 

3,106 

28 

179 


LOAN  TRANSACTIONS. 


r 


& 


12 


11,698 


"S  "^ 
I'S 


18. 


•I 
14. 


NoU.-'K  blank  return  was  received  from  the  District  Board  of  the  river  Stinchar,  there 
being  no  receipts  or  expenditure. 
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Appendices  to  lyieenth  Awnual  lieport. 


NOTE  III. 


ANNUAL  CLOSE  TIME  APPLICABLE  TO  THE  SALMON 
RIVERS  IN  SCOTLAND. 

N.B. — Observe  that,  in  the  foUowing  List,  the  days  fixing  the  commencemeui  and 
termination  of  the  Annual  Close  Time  for  Net-fishing,  and  for  Rod-fishing  respec- 
tively, are  in  all  cases  inclusive,  as  in  the  case  of  the  Add,  the  first  river  ill  the 
List. 


Name  of  River. 

Annual  Close  Time  for 
Net-fi»hlng. 

Annual  Close  Time  for 
Rod-fishing. 

Add,            .... 

From  Sept.  1  to  Feb.  15, 
both  days  inclusive. 

From  Nov.  1  to  Feb  .15, 

both  days  inclusive. 

Aline,        .... 

From  Aug.  27  to  Feb.  10. 

From  Nov.  1  to  Feb.  10. 

Alness,       .... 

From  Aug.  27  to  Feb.  10. 

From  Nov.  1  to  Feb.  10, 

Annan,      .... 

FromSept.  lOtoFeb.  24. 

From  Nov.  16  to  Feb.  24. 

Applecross, 

From  Aug.  27  to  Feb.  10. 

From  Nov.  1  to  Feb.  10. 

Arnisdale  {Loch  Houm),    . 

From  Aug.  27  to  Feb.  10. 

From  Nov.  1  to  Feb.  10. 

Awe,          .... 

From  Aug.  27  to  Feb.  10. 

From  Nov.  1  to  Feb.  10. 

Aylort  (KinlochY 

From  Aug.  27  to  Feb.  10. 

From  Nov.  1  to  Feb.  10. 

4 

Ayr, 

From  Aug.  27  to  Feb.  10. 

From  Nov.  1  to  Feb.  10. 

Baa  and  Glencoilleadar, 

From  Aug.  27  to  Feb.  10. 

From  Nov.  1  to  Feb.  10. 

Badachro  and  Kerry  (Oair- 

loch),      .... 

From  Aug.  27  to  Feb.  10. 

From  Nov.  1  to  Feb.  10. 

Balgay  and  Shieldag, 

From  Aug.  27  to  Feb.  10. 

From  Nov.  1  to  Feb.  10, 

Beauly,      .... 

From  Aug.  27  to  Feb.  10. 

From  Oct  16  to  Feb.  10, 

Berri^ale, 

From  Aug.  27  to  Feb.  10. 

From  Nov.  1  to  Feb.  10. 

Bervie,       .... 

From  Sept,  10  to  Feb.  24. 

From  Nov.  1  to  Feb.  24. 

Bladenoch, 

From  Aug.  27  to  Feb.  10. 

From  Nov.  1  to  Feb.  10. 

Broom,      .... 

From  Aug.  27  to  Feb.  10. 

From  Nov.  1  to  Feb.  10. 

Brora,        .... 

From  Aug.  27  to  Feb.  10. 

From  Nov.  1  to  Feb.  10. 

Oarradale  (in  Cantyre), 

From  Sept.  10  to  Feb.  24. 

From  Nov.  1  to  Feb.  24. 

Carron,      .... 

From  Aug.  27  to  Feb.  10. 

From  Nov.  1  to  Feb.  10. 

Clf^burn,  Finnisbay,  Aven- 

nangereu,    Strathgravat, 

North  Lacastile,   Scalla- 

dale   and  Mawrig  {East 

Harrvt)y 

FromSept  10 to  Feb.  24. 

From  Nov.  1  to  Feb.  24. 

Clyde  and  Ijevon, 

From  Aug.  27  to  Feb.  10. 

From  Nov.  1  to  Feb.  la 

Conon,       .... 

From  Aug.  27  to  Feb.  10. 

Fiom  Nov.  1  to  Feb.  10. 

Cree,          .... 

From  Aug.  27  to  Feb.  10. 

From  Nov.  1  to  Feb.  10. 

Creed  or    Stomoway,  and 

Laxay  {Island  of  Lews), 

From  Aug.  27  to  Feb.  10. 

From  Nov.  1  to  Feb.  10. 

Creran  (Loch  Oreran), 

From  Aug.  27  to  Fob.  10. 

From  Nov.  1  to  Feb.  10. 

Crowe    and    Shiel     {Loch 

Dutch),  .... 

From  Aug.  27  to  Feb.  10. 

From  Nov.  1  to  Feb.  10. 

Dee  (Aberdeenshire),  . 

From  Aug.  27  to  Feb.  10. 

From  Nov.  1  to  Feb.  10. 

Dee  (Kirkcudbright), . 

From  Aug.  27  to  Feb.  10. 

From  Nov.  1  to  Feb.  10. 

Deveron,    .... 

From  Aug.  27  to  Feb.  10. 

From  Nov.  1  to  Feb.  10.- 

Don 

From  Aug.  27  to  Feb.  10. 

From  Nov.  1  to  Feb.  10. 

Doon,        .        .        .        . 

From  Aug.  27  to  Feb.  10. 

From  Nov.  1  to  Feb.  10. 

Drummachloy  or  Gleimore 

(IsleofBuU), 

From  Sept  1  to  Feb.  16. 

From  Oct  16  to  Feb.  16. 

Dunbeath, 

From  Aug.  27  to  Feb.  10. 

From  Oct  16  to  Feb.  10. 

Earn,         .... 

From  Aug.  27  to  Feb.  10. 

From  Nov.  1  to  Jan.  81. 

Eokaig,      .... 
Esk,  North, 

From  Sept.  1  to  Feb.  15. 

From  Nov.  1  to  Feb.  15. 

From  Sept.  1  to  Feb.  15. 

From  Nov.  1  to  Feb.  15. 

Eflk,  South, 

From  Sept  1  to  Feb.  16. 

From  Nov.  1  to  Feb.  16. 

Ewe,          .... 

From  Aug.  27  to  Feb.  10. 

From  Nor.  1  to  Feb.  10. 
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Name  of  Biver. 


Fincastle,  Meaveg,  Ballana- 

chist,    Sooth     Lacastile, 

Bonre,    and    Obb  (fTest 

Hcvrris), 
Findhorn,  . 

Fleet  (SutherUmdshire), 
Fleet  (Kirkcudbrightshire)^ 
Fores, 
Forth, 
Fyne,      Shira,     and    Ara> 

(LoehFy7ie\    . 
Girvan, 
Glenelg, 
Gout, 

GreisSy  Lazdale,  or  Thunga 
Grudie  or  Dionard, 
Grulnard  and  Little  Grain 

ard,        .... 
Halladale,  Stratby,  Naver, 

and  Borgie, 
Helmsdale, 
Hope  and  Polla  or  Strathheg 
Howmore,  . 
Inchardy     . 
Inner  {in  Jura), 
Inver, 

lorsa  {in  Arrcm), 
Irvine  and  Garnock,    . 
Eennart,    . 
Kilchoan  or  Inverie  {Loch 

Nevis),    . 
Kinloch  {Kyle  of  Tongtie), 
Kirkaig,     . 
Kishorn,     . 
Kyle  of  Sutherland,    . 
Laggan  and  Sora  {Island  of 

May),  . 
Laxford,  . 
Leven, 

Little  Loch  Broom,     . 
IxKjhy, 
Loch  Duich, 
Loch  Loing, 
Loch  Roag, 
Lossie, 
Lace, 

Lnssa  {Island  of  Mull), 
Moidart,     . 
Morar, 
Mollanageren,       Horasary, 

and   Lochnaciste  {North 

„^^) 

Nairn,  .... 
NeU,  Feoohan,  and  Euchar, 
Ness,  .... 

Nith,  .... 
Orkney  Islands  (River  frrnn 

Loeh  of  Stenness,  <kc,),     . 
Onnsary  (Loch  KUlisport), 

Loch    Head,    and    Stor- 

noway  {MuZl  of  Cantire), 
Penygowan    or    Glenforsa, 

and  Aros, 
Resort,       .... 
Euel.         .... 


Annual  OIom  Time  for 
Net-ashing. 


Annual  Close  Time  for 
Rod-flshlng. 


From  Sept.  10  to  Feb.  24. 
From  Aug.  27  to  Feb.  10. 
From  Sept.  10  to  Feb.  24. 
From  Sept.  10  to  Feb.  24. 
From  Aug.  27  to  Feb.  10. 
From  Aug.  27  to  Feb.  10. 

From  Sept.  1  to  Feb.  15. 
From  Sept  10  to  Feb.  24. 
From  Aug.  27  to  Feb.  10. 
From  Aug.  27  to  Feb.  10. 
From  Aug.  27  to  Feb.  10. 
From  Aug.  27  to  Feb.  10. 

From  Aug.  27  to  Feb.  10. 

From  Aug. 
From  Aug. 
From  Aug. 
From  Sept. 
From  Aug. 
From  Sept. 
From  Aug. 
From  Sept. 
From  Sept. 
From  Aug. 

From  Aug.  27  to  Feb.  10. 
From  Aug.  27  to  Feb.  10. 
From  Aug.  27  to  Feb.  10. 
From  Aug.  27  to  Feb.  10. 
From  Aug.  27  to  Feb.  10. 


27  to  Feb.  10. 
27  to  Feb.  10. 
27  to  Feb.  10. 
10  to  Feb.  24. 
27  to  Feb.  10. 
10  to  Feb.  24. 
27  to  Feb.  10. 
10  to  Feb.  24. 
10  to  Feb.  24. 
27  to  Feb.  10. 


From  Sept. 
From  Aug. 
From  Aug. 
From  Aug. 
From  Aug. 
From  Aug. 
From  Aug. 
From  Aug. 
From  Aug. 
From  Sept. 
From  Aug. 
From  Aug. 
From  Aug. 


10  to  Feb.  24. 
27  to  Feb.  10. 
27  to  Feb.  10. 
27  to  Feb.  10. 
27  to  Feb.  10. 
27  to  Feb.  10. 
27  to  Feb.  10. 
27  to  Feb.  10. 
27  to  Feb.  10. 
10  to  Feb.  24. 
27  to  Feb.  10. 
27  to  Feb.  10. 
27  to  Feb.  10. 


From  Sept.  10  to  Feb.  24. 
From  Aug.  27  to  Feb.  10. 
From  Aug.  27  to  Feb.  10. 
From  Aug.  27  to  Feb.  10. 
From  Sept  10  to  Feb.  24. 

FromSept  lOtoFeb.  24. 

From  Aug.  27  to  Feb.  10. 

From  Aug.  27  to  Feb.  10. 
From  Aug.  27  to  Feb.  10. 
From  Sept  1  to  Feb.  16. 


From  Nov.  1  to  Feb.  24. 
From  Nov.  1  to  Feb.  10. 
From  Nov.  1  to  Feb.  24. 
From  Nov.  1  to  Feb.  24. 
From  Nov.  1  to  Feb.  10. 
From  Nov.  1  to  Feb.  10. 

From  Nov.  1  to  Feb.  15. 
From  Nov.  1  to  Feb.  24. 
From  Nov.  1  to  Feb.  10. 
From  Nov.  1  to  Feb.  10. 
From  Nov.  1  to  Feb.  10. 
From  Nov.  1  to  Feb.  10. 

From  Nov.  1  to  Feb.  10. 


From  Oct 
From  Oct. 
From  Sept. 
From  Nov. 
From  Nov. 
From  Nov. 
From  Nov. 
From  Nov. 
From  Nov. 
Fr6m  Nov. 


1  to  Jan.  10. 

I  to  Jan.  10. 

II  to  Jan.  10. 
1  to  Feb.  24. 
1  to  Feb.  10. 
1  to  Feb.  24. 
1  to  Feb.  10. 
1  to  Feb.  24. 
1  to  Feb.  24. 
1  to  Feb.  10. 


From  Nov.  1  to  Feb.  10. 
From  Nov.  1  to  Feb.  10. 
From  Nov.  1  to  Feb.  10. 
From  Nov.  1  to  Feb.  10. 
From  Nov.  1  to  Feb.  10. 


From  Nov, 
From  Nov. 
From  Nov. 
From  Nov. 
From  Nov. 
From  Nov, 
From  Nov, 
From  Nov. 
From  Oct. 
From  Nov. 
From  Nov. 
From  Nov, 
From  Nov. 


1  to  Feb.  24. 
.  1  to  Feb.  10. 

1  to  Feb.  10. 

1  to  Feb.  10. 

1  to  Feb.  10. 

1  to  Feb.  10. 

1  to  Feb.  10. 

1  to  Feb.  10. 
16  to  Feb.  10. 

1  to  Feb.  24. 

1  to  Feb.  10. 

1  to  Feb.  10. 

1  to  Feb.  10. 


From  Nov.  1  to  Feb.  24. 
From  Nov.  1  to  Feb.  10. 
From  Nov.  1  to  Feb.  10. 
From  Oct  16  to  Feb.  10. 
FromNov.  IStoFeb.  24. 

From  Nov.  1  to  Feb.  24. 


From  Nov.  1  to  Feb.  10. 

From  Nov.  1  to  Feb.  10. 
From  Nov.  1  to  Feb.  10. 
From  Nov.  1  to  Feb.  16. 
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Appettdices  to  FifteeiUh  Annual  Seport 


Nmme  of  Rirer. 

Annual  Close  Time  for 
Net-flahlng. 

Annual  Cloee  Time  for 

Saiida.        .... 

From  Aug.  27  to  Feb.  10.    From  Nov.  1  to  F**b.  10. 

Scaddle,      .... 

From  Aug.  27  to  Feb.  10. 

From  Nov.  1  to  Feb.  10. 

Shetland  Islands  (River  of 

Sandtoater,  <fec),     . 

From  Sept  10  to  Feb.  24. 

From  Nov.  16  to  Jan.  81. 

Shiel  {Loeh  Shiell      . 
Slifi:aohan,   Broadford,   and 

From  Aug.  27  to  Feb.  10. 

From  Nov.  1  to  Feb.  10. 

Portree  (Isle  qf  Skye\      . 

From  Aug.  27  to  Feb.  10. 

From  Nov.  1  to  Feb.  10. 

Snizort,    Orley,    Oze,    and 

Dvynooh  {hU  oj  Skye\    . 

From  Aug.  27  to  Feb.  10. 

From  Nov.  1  to  Feb.  10. 

Spey.          .... 

From  Aug.  27  to  Feb.  10. 

From  Oct  16  to  Feb.  10. 

Stinchar,    .... 

From  Sept.  10  to  Feb.  24. 

FromNov.  letoFeb.  24. 

Tay,           .... 

From  Aug.  27  to  Feb.  10. 

From  Oct  16  to  Jan.  14. 

Thurso.      .... 

From  Aug.  27  to  Feb.  10. 

From  Sept.  15  to  Jan.  1 0. 

Torridon,      Utlgay,       and 

Shieldag, 

From  Aug.  27  to  Feb.  10. 

From  Nov.  1  to  Feb.  10. 

Ugie 

Ullaiiool  (lAH:h  BroamV       . 

FromSept.  10  toFeb.  24. 

From  Nov.  1  to  Feb.  24. 

From  Aug.  27  to  Feb.  10. 

From  Nov.  1  to  Feb.  10. 

Urr,           .... 

FromSept.  10  to  Feb.  24. 

From  Dec.  1  to  Feb.  24. 

Wick,        .... 

From  Aug.  27  to  Feb.  10. 

From  Nov.  1  to  Feb.  10. 

Ythan,       .... 

From  Sept  10  to  Feb.  24. 

From  Nov.  1  to  Feb.  24. 
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NOTE  IV. 

List  of  CHAnmsN  and  Clbrks  of  Salmon  Fishbrt  District  Boards  in  Scotland. 


DISTRICT. 


Alness, 


Awe,  .... 
Ajr,  .    .    .    . 

Bsa  and  Glen- 

collleader 

(MnU), 
Balgaj,  .    .    . 

Bervie,  .    .    . 

Conon,  .  .  . 
Cree, .  .  .  . 
Dee  (Aberdeen), 
Dee  (Solway), . 
Dereron,  .  . 
Don,  .... 
Esk  (North),   . 

Esk(Sonth),    . 
Flndborn,   .    . 

Forth,    .    .    . 

Qirrmn,  .    .    . 

Kjle  of  Suther- 
land, 
Lochj,   .    .    . 


(MnU) 
and  Birer 
from  Loch 
MfsktoLoch 
Bay, 
Nairn,    .    .    . 

Nees,.    .    .    . 


NIth,.    .    .    . 

Pennygown  or 
Gl^orta, 
and        Aros 
(Mali), 

Spey, 


Stinchar, 

Tay, 

Torrldon, 

Ugle, 

Ythan, 


Tweed  (PoUoe 
Committee  of 
the  0>nunl»- 
sloners). 


Name  and  Address  of  Chairman. 


Name  and  Addrms  of  Clerk. 


0>1.  A  ex.  J.  C.  Warrand,  Ryefleld  Hoose, 

Couon  Bridge,  Dingwall. 
A.  Jdhnstone  Douglas,  Esq.,  O>mlongan 

Castle,  Ruthwell. 
The  Marquis  of  Breadalbane,  Taymouth 

Castle,  Perthshire. 
Richard   A.   Oswald,    £(«q.,    of    Auchln- 

crulvc,  Ayr. 
The  Duke  of  Argyll,   Inveraray  Castle, 

Inveraray. 

C.  R.  Manners,  Esq.,  C.E.,  1*2  Lombard 
St.,  Inverness. 

James  Farquhar,  Esq.,  of  Hallicreen,  per 
his  factor  Patrick  Dickson,  Esq.,  Solici- 
tor, Laurencekirk. 

Vacant. 

The  Earl  of  Galloway,  Cumloden,  Newton- 
Stewart 
The  Lord  Provost  of  Aberdeen. 

H.  G.  Murray  Stewart,  Esq. ,  of  Broughton, 

(Gatehouse. 
A.  F.  Leslie,  Esq.,  of  Montcoffer,  Banff. 

(Jeorge  Falconer,  Esq.,  as  mandatory  for  \ 
tiie  Aberdeen  Ship-masters'  Society.         i 

The  Rev.  J.  S.  More  (Gordon,  of  Charleton  \ 
and  Elnnaber,  Vicar  of  St  John's,  Red-  ' 
hill,  Surrey. 

James  Johnston,  Esq. ,  Montrose. 

J.  J.  R.  Meiklejohn,  Esq.,  Novar,  Ross- 

shlre,  factor  for  R.  C.  Monro-Ferguson, 

Esq.,  M.P. 
Mandatory  of  (Commissioners  of  Woods  and 

Forests. 
John  Campbell  Kennedy,  Esq.,  of  Dunure 

(per  D.  Brown,  Esq.,  Solicitor,  Maybole). 
Sir  Charles  Lockhurt  Ross,  Bart,  of  Bal- 

nagowan. 
Lord  Abinger,  Inverlochy   Castle,   Kin- 

gussie. 
Murdoch  G.  Maclaine,  Esq.,  of  Lochbuie, 

Mull. 


Brodie  of  Brodie,  Brodie  Castle,  Forres. 
Charles  Innes,  Esq.,  SoUdtor,  Inverness. 
Vacant. 
Vacant 


The  Duke  of  Richmond  and  Gordon, 
Gordon  Castle,  Fochabers. 

The  Earl  of  Stair,  Lochinch,  Wigtown- 
shire. 

Sh:  Robert  Monerleff,  of  Moncrieff,  Bart, 
Moncrieff  House,  Perthshire. 

C.  R.  Manners,  Esq.,  C.E.,  12  Lombard 
St,  Inverness. 

Lieut -0>1.  Ferguson,  of  Pitfour,  Mintlaw. 

Earl  of  Errol,  Slains  Castle,  Aberdeen- 
shire. 

Sir  William  Crossman,  Cheswick,  Beal, 
Nortliumberland. 


^niliam  J.  Duncan,  Solicitor,  Dlng- 

walL 
J.  F.  Cormack,  Solicitor.  Lockerbie. 

Alex.  MacArthnr,  Solicitor,  Oban. 

William  Macrorie,  Commercial  Bank, 

Ayr. 
Alex.  MacArthur,  Solicitor,  Oban. 


Duncan  Shaw,  W.S.,  43  High  Street, 

Inverness. 
Arthur  Dickson,  Solicitor,  Montrose. 

Edmund  J.  Gann,  Solicitor,  Dingirall. 

A.  B.  Matthews,  Solicitor,  Newton- 
Stewart 
Alex.  Duffus,  Advocate,  Aberdeen. 

W.  Nicholson,  Sheriff-(nerk,  Kirkcud- 
bright 
Francis  (George,  Solicitor,  Banff. 

Alex.  Dufi^,  Advocate,  Aberdeen. 

Arthur  Dickson,  Solicitor,  Montrose. 


James  Don  and  David  G.  Shiel,  Solici- 
tors, Brechin. 

W.  Grant,  National  Bank  Buildings, 
Forres. 

Thomas  L.    (lalbraitb,  Town-(nerk, 

Stirling. 
T.  Gerald  Tait,  Solicitor,  Girvan. 

John  Leslie,  Solicitor,  Dornoch. 

N.    B.    Mackenzie,    Solicitor,    Fort 

WUUam. 
Alex.  MacArthur,  Solicitor,  Oban. 


H.  T.  Donaldson,  Solicitor,  Nairn. 

A.  Macdonald,  Solicitor,   b\  Church 

St,  Inverness. 
C.  Stewart  Phyn,  Procurator-Fiscal, 

Dumfries. 
Alex.  MacArthur,  Solicitor,  Oban. 


John  Wink  and  George  A.  Cooper, 

Solicitors,  Elgin. 
Thomas  C.  Greig,  Rephad,  Stranraer. 

Mackenzie  A  Dickson,  Solicitors,  PerUL 

Duncan  Shaw,  W.S.,  43  High  Street, 

Inverness. 
Robert  Gray,  Solicitor,  Peterhead. 

D.  M.  A.  (Chalmers,  Advocate,  Abedeen. 

James  and  David  W.  B.  Tait,  W.S., 
Kelso. 


NoU,—\ii  addition  to  the  districts  specified  above,  the  Duke  of  Sutherland  is  sole  proprietor  of  the 
districts  of  the  following  rivers,  viz. :— Helmsdale,  Brora,  Fleet,  Klrkaig,  Inver,  Laxford,  and  Inchard 
(under  the  charge  of  his  factor,  Mr  Donald  M*Lean,  Dunrobln  OlBce,  Golspie);  and  the  Halladale, 
Strathy.  Never,  Borgie,  Kinloch,  Hope,  Polla  or  Strathbeg,Dionard  or  Grudie  (under  the  charge  of  his 
factor,  Mr  John  Box,  Tongue) ;  and  the  Countess  of  Cromartle  Is  proprietrix  of  the  district  of  the 
river  Kennart  (under  the  charge  of  her  factor,  Mr  William  Gunn,  Cromarttc  Entate  Office,  Strathpeffier). 
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FIFTEENTH    ANNUAL    EEPORT. 


TO  THE  RIGHT  HONOURABLE 

LORD  BALFOUR  of  BURLEIGH, 

Her  Majesty^ 8  Sea^ttary  for  Scotland. 

Office  of  The  Fishkkt  Board 

FOR  ScxyiLAND, 

Edinburgh,  June  2, 1897. 
My  Lord, 

lu  continuation  of  our  Fifteenth  Annual  Eeport,  we 
have  the  honour  to  submit — 

PART  III.— SCIENTIFIC  INVESTIGATIONS. 


GENERAL  STATEMENT. 

This  part  of  the  Fifteenth  Annual  Eeport,  deals  with  the  prin- 
cipal scientific  investigations  conducted  by  the  Board  in  1896,  in 
connection  with  the  sea  fisheries  under  their  charge.  In  the  course 
of  the  year  the  investigations,  which  were  carried  on  under  the 
supervision  of  the  Scientific  Superintendent,  were  prosecuted  on  the 
same  general  lines  as  in  previous  years,  and  have  resulted  in  further 
extensions  of  knowledge  respecting  the  hfe-history  and  habits  of  the 
food  fishes,  and  by  the  physical  conditions  and  changes  in  the  sea 
which  bear  upon  fishery  problems.  Special  attention  has  been  given 
to  certain  hydrographical  questions  concerning  the  circulation  of 
the  water  in  the  North  Sea  and  the  adjacent  parts  of  the  North 
Atlantic.  In  addition  to  such  inquiries  the  hatching  and  artificial 
propagation  of  some  of  the  important  food  fishes  have  been  con- 
tinued at  the  Board's  Marine  Hatchery  at  Dunbar. 

A  considerable  part  of  the  scientific  inquiries,  both  biological  and 
physical,  have  been  carried  on  or  rendered  possible  by  means  of  the 
*  Garland/  the  small  steamer  obtained  by  the  Board  some  years  ago 
for  the  purpose  of  carrying  on  scientific  work.  As  explained  in 
previous  Keports  the  small  size  of  this  vessel  has  caused  the  work  to 
be  restricted  for  the  most  part  to  the  territorial  waters.  It  has  not 
been  possible  with  the  means  at  disposal  to  carry  on  adequate  in- 
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vestigatious  as  to  the  results  of  the  closure  of  certain  waters  to 
beam-trawl  fishing,  nor  to  extend  the  inquiries  which  have  yielded 
valuable  results  in  the  inshore  waters  to  the  breeding  grounds 
situated  at  some  distance  from  the  shore,  and  which  form  the 
principal  source  of  fish  supply  to  the  territorial  seas. 

One  of  the  most  important  results  of  the  Board's  scientific  work 
has  been  to  show  that  the  food  fishes  which  form  the  basis  of  the 
fishing  industry — such  as  plaice,  cod,  haddock,  ling,  turbot,  etc., — do 
not  spawn  on  the  east  coast  within  the  three-mile  limit,  as  was  pre- 
viously supposed.  On  the  other  hand  it  is  not  known  at  what 
distances  from  the  shore  or  in  what  precise  localities  the  spawning 
areas  are  chiefly  situated.  It  would  obviously  be  of  great  advan- 
tage to  obtain  accurate  information  on  this  subject  and  to  be  able 
to  map  out  on  a  chart  the  regions  where  the  vtu:ious  species  of 
the  food  fishes  spawn. 

Were  the  *  Garland '  replaced  by  an  eflBcient  sea-going  vessel  of 
the  typ6  recommended,  by  the  Parliamentary  Committee  on  sea 
fisheries  in  1893,  or  were  the  Board  placed  in  possession  of  such  a 
vessel  properly  equipped  for  the  work,  it  would  be  possible  to 
conduct  these  and  allied  investigations  in  the  offshore  waters  at 
very  little  additional  cost.  It  may  be  stated  that  the  Lancashire 
Sea  Fisheries  Committee  possess  a  steam  vessel,  much  superior  to 
the  '  Garland ' ;  and  which  is  exclusively  employed  in  the  fishery 
work  of  the  Committee,  both  for  police  purposes  and  for  scientific 
investigations;  and  that  the  Government  of  the  Cape  of  Good 
Hope  are  having  a  high-class  trawler  built  specially  equipped  for 
conducting  scientific  investigations  in  connection  with  the  Cape 
fisheries. 

The  Influbnce  of  Beam  Trawling. 

I>.17.  The  results  of  the  trawling  experiments  carried  on  in  1896, 

together  with  the  tables  embodying  the  details  of  the  observations, 
are  given  in  a  special  Eeport  As  stated  last  year,  the  trawling 
experiments  have  for  the  present  been  suspended  in  the  Firth  of 
Forth  and  St  Andrews  Bay,  where  they  were  most  systematically 
and  regularly  conducted  for  a  number  of  years.  The  general 
results,  so  far  as  concerns  the  most  important  subject  of  the  experi- 
ments in  these  waters,  the  increase  or  decrease  in  the  abundance  of 
the  food-fiehes  since  beam  trawling  was  prohibited,  showed  that 
while  the  relative  numbera  of  most  of  the  round-fishes,  such  as  cod 
and  haddock,  and  the  unimportant  flat-fishes,  the  dabs,  had  slightly 
increased,  there  was  a  decrease  among  the  more  valuable  flat-fishes, 
the  plaice  and  lemon  sole;  a  circumstance  probably  due  to  the 
increased  trawling  in  the  offshore  areas  where  these  fishes  spawn. 

During  the  year  1896,  the  trawling  operations  of  the  *  Garland ' 
were  for  the  most  part  confined  to  the  Moray  Firth  and  the  Clyde. 
For  the  reasons  prtviously  adverted  to,  the  examination  of  the 
stations  in  each  of  these  areas  has  been  necessarily  imperfect,  and 
sufficient  information  has  not  yet  been  acquired  to  enable  any 
definite  statement  to  be  made  respecting  the  results  of  the  closure, 
or  the  position  and  extent  of  breeding  grounds  and  nurseries  of 
immature  fish  within  their  limits.  ^ 
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The  statistics  of  the  fish  caught  by  line-fishermen  within  the 
Moray  Firth  during  the  last  three  years,  and  the  average  weight  of 
fish  captured  per  shot  of  the  lines  are  as  follows : — 


Fi8h. 

1894. 

1895. 

1896. 

Cwts, 

Average. 

Cwts. 

Average. 

Cwts. 

Average. 

Ood, 

82,671 

0-62 

47,646 

0-81 

64,663 

1-07 

£^"«; 

2,169 

0-035 

2,937 

0-005 

8,668 

0-062 

Torek, 

25 

0-0016 

24 

0-0004 

94 

0-001 

Saithe, 

6,120 

0-09 

5,088 

0-087 

10,686 

0-17 

Haddock,  . 

.       163,529 

2-47 

178,370 

8  0f>6 

156,703 

2-6 

Whiting, 

5,845 

0-094 

5,114 

0*087 

4,836 

0-08 

Turbot, 

5 

... 

15 

Halibut,     . 

264 

0  004 

408 

0-067 

691 

o'oii 

Lemon  Sole 

s 

... 

19 

*  Flounder, 

Plaice, 

Brill,' 

5,477 

0-088 

5,765 

0-09 

8,402 

0-056 

Ck>nger, 

1,244 

0-02 

777 

0-018 

828 

0-018 

Skates, 

8,281 

0-068 

8,014 

0-051 

8,688 

0-061 

Other    kin 

da    of 

white-fii 

ih,     .          7,976 

0-128 

9,456 

0-16 

7,488 

012 

When  the  figures  in  the  above  table,  indicating  the  quantities  of 
white  fish  caught  by  line  fishermen  within  the  closed  waters 
of  the  Moray  Firth  last  year,  are  compared  with  the  figures 
published  in  the  ordinary  statistical  tables  in  Part  I.  of  the 
Board's  Report,  showing  the  total  quantities  of  white  fish 
(exclusive  of  herrings,  mackerel,  and  sprats),  landed  on  the  coasts 
of  the  same  districts,  it  will  be  found  that  about  88  per  cent  of 
the  total  quantity  landed  is  taken  from  the  closed  area. 

In  the  Wick  district,  which  includes  only  a  relatively  small 
part  of  the  coast  of  the  Moray  Firth,  while  it  comprises  the  whole 
of  the  northern  coast  of  Scotland  from  Duncansby  Head  to  Cape 
Wrath,  the  total  quantity  of  white  fish  landed  last  year  was 
61,429  cwts.,  of  which  31,556  cwts.,  or  over  half,  were  caught  by 
line  fishermen  in  the  Moray  Firth.  In  the  district  of  Findhom 
the  total  quantity  landed  was  63,521  cwts.,  all  of  which  were  taken 
from  the  closed  waters.  In  the  district  of  Cromarty  15,317  cwts. 
were  landed,  and  in  the  Lybster  district  4,241  cwts. ;  and  in  both 
cases  the  whole  of  the  fish  were  caught  by  line  in  the  closed 
waters.  In  the  BanfiF  district,  of  a  total  quantity  of  66,565  cwts. 
landed,  66,471  cwts.,  or  all,  except  94  cwts.,  were  taken  from  the 
closed  area.  In  the  Buckie  district  the  total  quantity  landed  was 
61,088  cwts.,  and  of  this  amount  57,450  cwts.,  or  all,  except  3,638 
cwts.,  were  obtained  in  the  Moray  Firth ;  and  of  the  18,360  cwts. 
landed  in  the  Helmsdale  district,  all  save  30  cwts.  were  drawn 
from  the  closed  area. 

These  comparisons  show  the  importance  of  the  Moray  Firth  as 
the  great  fishing  area  for  the  line  fishermen  aldng  its  coasts.  The 
total  quantity  of  line-caught  fish  drawn  from  its  waters  last  year 
amounted  to  12,845  tons. 

The  number  of  *  shots '  of  the  lines  made  in  the  closed  waters 
has  steadily  increased  on  the  part  of  the  large  boats,  while  it 
has  diminished  on  the  part  of  the  small  boata    Thus,  in  1894, 
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7082  'shots '  of  the  long  lines  were  made  ;  in  1895  the  number  was 
7710 ;  and  in  1896,  11,915.  The  small  boats  in  1894  made  54,866 
'shots';  in  1895  the  number  was  50,643;  and  in  1896,  48,346. 
In  the  three  years,  therefore,  *  shots '  of  the  great  lines  increased 
by  4833,  while  the  *  shots '  of  the  small  lines  diminished  by  6520. 

An  obvious  feature  in  the  table  given  above  is  that  the  great 
bulk  of  the  fish  landed  in  each  year  within  the  whole  ai^ea  con- 
sisted of  haddocks,  which  made  up  about  two-thirds  of  the  catches, 
and  of  cod.  The  quantity  of  flatfishes  landed  in  each  year  was 
small.  In  the  three  years  together  only  twenty  cwts.  of  turbot 
were  landed.  The  total  quantity  of  all  kinds  of  flatfishes  landed 
in  the  three  years  was  as  follows  :  5736  cwts.,  or  2*6  per  cent.,  of 
the  whole,  in  1894 ;  6170  cwts.,  or  23  per  cent.,  in  1895  ;  and  4127 
cwts.,  or  16  per  cent.,  in  1896.  On  the  other  hand  a  marked  in- 
crease took  place  in  the  quantity  of  cod,  and  also,  but  to  a  lesser 
extent,  in  haddocks :  the  increase  in  cod  was  common  to  almost 
all  the  districts.  The  quantity  of  saithe  also  increased  while  that 
of  whiting  diminished. 

The  figures  therefore  indicate,  for  the  most  part,  an  increase 
in  the  abundance  of  round-fishes  caught  by  line  within  the  closed 
waters  of  the  Moray  Firth  during  the  last  three  years,  a  result 
that  one  would  expect  from  the  reservation  of  these  waters  to 
Une  fishing.  It  is  somewhat  surprising  that  the  quantity  of  flat- 
fishes should  have  decreased.  It  would  have  been  desirable  to 
compare  the  returns  given  above  with  the  quantities  of  round-fish 
and  flat-fish  caught  in  the  Moray  Firth  before  trawling  was  pro- 
hibited, but  there  does  not  appear  to  be  information  available  on 
this  point. 


Thk  Hatching  and  Ebaring  of  Food  Fishbis. 

In  previous  reports,  detailed  descriptions  were  given  of  the 
methods  and  processes  adopted  at  the  Dunbar  Hatchery  in  con- 
nection with  the  artificial  propagation  of  marine  food  fishes.  Opera- 
tions have  been  conducted  for  the  most  part  with  the  valuable  flat- 
fishes, especially  the  plaice,  but  also  the  turbot,  sole,  and  lemon  sole, 
and  also  on  a  lesser  scale  with  certain  round-fishes,  such  as  the  cod 
and  haddock.  The  number  of  the  various  species  which  have  been 
hatched  and  placed  on  the  fishing  grounds  since  the  work  was  begun 
are  as  follows : — 


Plaice. 

Cod. 

Lemon 
Soles. 

Turbot. 

Others. 

Total, 

1894 
1895 
1896 

26,060,000 
38,615,000 
11,850,000 

500,0005 

2,760,000 

750,000 

4,145,000 
l,580,r00 

3,800,000 
1,860,000 

1,050,000 
950,000 

26,560,000 
50,870,000 
15,990.000 

76,025,000 

4,010,000 

5,725,000 

5,160,000 

2,000.000 

92,920,000 

Digitized  by 


Google 


of  the  Fishery  Board  for  Scotland,  1 1 

During  the  current  season  (1897)  the  artificial  propagation  of 
plaice  is  being  proceeded  with  on  a  large  scale,  but  owing  to  the 
earlier  publication  of  the  Annual  Report  this  year,  it  is  not  possible 
to  give  here  a  statement  of  the  results  of  the  work,  which  is  still  in 
progress.  As  stated  in  last  year's  Report  the  fry  produced  in  the 
hatchery  are  being  transferred  to  certain  sea-lochs,  which  are  to 
a  large  extent  cut  oflf  from  free  communication  with  the  open 
sea,  and  observations  are  being  made  to  test  the  results  on  the 
relative  abundance  of  the  same  species  within  the  areas  selected. 

The  hatching  work  has  hitherto  been  much  impeded  by  the  want 
of  suitable  ponds  or  enclosures  of  sea-water  in  which  the  adult 
spawners  could  be  retained  from  one  season  to  another,  and  by 
means  of  which  it  would  be  possible  to  retain  the  fry  until  towards 
the  close  of  the  post-larval  stage,  when  they  begin  to  assimie  the 
form  and  habits  of  the  adult,  and  are  in  a  much  better  condition  to 
successfully  meet  the  influences  tending  towards  their  destruction. 
In  the  present  Report  will  be  found  a  paper  by  Mr  Harald  Danne-  p.  176. 
vig,  giving  the  results  of  experiments  he  has  made  with  the  view  of 
ascertaining  the  methods  by  which  this  may  be  accomplished.  Some 
of  the  fry  of  the  plaice  which  were  hatched  in  the  establishment 
were  kept  in  suitable  vessels  of  unfiltered  water,  to  which  tow-net 
collections  —  that  is  to  say,  the  gatherings  of  minute  organisms 
found  naturally  in  sea-water— were  added.  By  this  means  the  fry 
were  reared  through  their  post-larval  stages,  until  they  had  under- 
gone their  transformation  into  little  plaice  and  settled  on  the  bottom. 
Their  food  consisted  to  a  small  extent  of  diatoms,  and  chiefly  of 
minute  cruBtsecea  and  larval  moUusks. 

These  experiments  point  to  a  method  by  which  the  utility  of 
artificial  propagation  might  be  considerably  extended,  namely,  by 
retaining  the  fry  for  a  few  weeks  in  suitable  enclosures  of  sea-water 
before  they  are  transferred  to  the  sea. 


The  CuRREKrs  in  the  North  Sea  and  their  Relation 
TO  Fisheries. 

In  recent  years,  the  attention  of  a  number  of  investigators  has 
been  directed  to  the  hydrography  of  the  North  Sea,  and  several 
enquiries  and  series  of  observations  have  been  made  with  the  object 
of  determining  its  principal  physical  conditions  with  especial  relation 
to  the  movement  of  its  waters.  During  the  last  two  years  and  a 
half  some  thousands  of  drift-bottles  have  been  thrown  into  various 
parte  of  the  North  Sea,  principally  from  the  *  Garland,'  of  which 
about  five  hundred  have  been  recovered,  and  from  careful  com- 
parison of  the  course  taken,  combined  with  a  study  of  the 
prevailing  winds  throughout  the  period,  it  has  been  possible 
to  ascertain  the  general  circulation  of  the  surface  water.  The 
results  are  given  in  a  paper  in  the  present  Report  by  Dr  p.  884 
T.  Wemyss  Fulton,  the  Scientific  Superintendent,  in  which  it  is 
shown  (1)  that  surface  water  passes  into  the  North  Sea  from  the 
Atlantic  round  the  north  of  Scotland  and  in  the  neighbourhood  of 
the  Orkney  and  Shetland  Isles,  and  then  moves  southwards  along 
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the  East  coast  of  Scotland  and  England  to  the  neighbourhood  of  the 
Wash,;  (2)  that  it  then  travels  in  an  easterly  direction  towards  the 
coast  of  Denmark,  and  then  northwards  to  the  Skagerak,  which  it 
may  or  may  not  enter,  and  finally  passes  northwards  along  the 
west  coast  of  Norway,  at  least  as  far  as  the  Lofifoden  Islands. 

Drift  bottles  were  found  scattered  along  a  stretch  of  about  1700 
miles  of  coast,  in  Scotland,  England,  Holland,  Germany,  Denmark, 
Sweden,  and  Norway,  between  53°  and  69"  N.  latitude. 

A  detailed  study  of  the  winds  prevailing  during  the  time  the 
experiments  were  in  progress,  based  upon  over  12,000  observations, 
appears  to  show  that  this  circulation  of  the  surface  water  in  the 
North  Sea  is  principally  due  to  the  preponderance  of  south-westerly 
and  westerly  winds,  which  tend  to  heap  up  the  surface  water  on  the 
western,  or  continental  coasts,  when,  as  it  cannot  escape  southwards 
owing  to  the  shallows  and  the  narrow  orifice  of  the  Channel,  it 
passes  to  the  north ;  but  subsidiary  influences  may  aid  the  move- 
ment. For  some  weeks  last  winter,  owing  to  prolonged  gales  and 
strong  winds,  first  from  a  south-easterly  and  then  from  a  north- 
easterly direction,  the  circulation  was  reversed,  the  surface  water 
passing  rapidly  northwards  along  our  east  coast,  from  Norfolk  to  the 
Shetlands. 

The  main  object  of  the  experiments  was  to  determine  the  part 
taken  by  the  surface  currents  in  transporting  the  floating  eggs  and 
larvae  of  the  food  fishes  from  the  great  spawning  areas  lying  ofl  the 
coast  to  the  territorial  waters  and  inshore  grounds.  It  is  shown 
that  as  the  normal  current  moves  along  our  east  coast  in  a  southerly 
direction  at  a  mean  rate  of  about  two  or  three  geographical  miles 
a  day,  and  as  the  floating  eggs,  according  to  the  species  and  the 
season,  take  from  about  a  week  to  over  three  weeks  to  hatch,  and 
the  larvae  are  exposed  for  some  weeks  additional  to  the  action  of 
the  current,  they  may  be  carried  for  very  considerable  distances 
from  the  place  where  they  are  spawned. 

From  a  study  of  the  mean  temperature  of  the  surface  waters  ofif 
the  east  coast  of  Scotland  in  each  month  throughout  the  spawning 
season,  namely,  from  January  to  August,  and  of  the  duration  of 
the  development  of  the  embryonic  fishes  within  the  eggs  of  the 
various  species  at  such  temperature,  it  is  shown  that  the  spawning 
grounds  of  early  spawners,  as  the  cod,  haddock,  and  especially  the 
plaice,  may  be  normally  situated  more  than  fifty  or  sixty  miles  to 
the  north  of  the  locality  where  the  young  fishes  are  found. 
With  summer  spawners,  on  the  other  hand,  whose  eggs  develop 
with  much  greater  rapidity,  owing  to  the  higher  temperature  of 
the  surface  waters,  the  distance  between  the  spawning  area  and 
the  *  nurseries '  of  the  yoimg  fishes  is  much  less.  The  spawning 
areas  off  a  particular  part  of  the  coast  do  not  normally  supply  the 
inshore  waters  opposite  to  them,  but  those  situated  further  south ; 
thus,  for  example,  the  breeding  grounds  off  the  coasts  of  Forfar- 
shire and  Kincardine  stand  in  relation  to  St  Andrews  Bay  and 
the  Firth  of  Forth,  while  the  breeding  grounds  situated  to  the 
east  of  the  latter  stand  in  relation  to  the  coasts  of  Berwickshire 
and  Northumberland. 

It  is  shown  that  the  southward  drift  of  the  floating  eggs  and 
larvae  of  the  plaice  is  in  agreement  with  the  migratory  movement 
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of  the  adults  and  growing  iish,  which    is  in  the  opposite,  or 
northerly,  direction. 

The  easterly  surface  drift  from  the  neighbourhood  of  the 
Dogger  Bank  also  tends  to  explain  the  enormous  aggregation  of 
immature  fiat-fishes  in  the  great  bight  between  the  north  coast  of 
Holland  and  the  coast  of  Denmark.  The  southerly  drift  is  not  im- 
probably related  to  the  movements  of  the  herring  shoals  during 
summer  and  autumn,  but  the  connection  has  not  yet  been  thoroughly 
investigated. 


The  Lifb-Histories  and  Development  of  the  Food  Fishes. 

In  the  present  Eeport,  Professor  M'Intosh  describes  the  life-  p.  194. 
histories  of  the  cod,  haddock,  and  whiting  from  very  early  stages. 
It  is  shown  that,  while  the  spawning  grounds  of  the  cod  are  off- 
shore, the  eggs  and  larva?  are  wafted  inshore,  or  that  the  post- 
larval  stage  is  attained  in  the  former  region,  the  young  fish  moving 
shorewards  subsequently,  when  from  about  half  an  inch  to  three- 
quarters  of  an  inch  in  length.  During  June  and  July  they  frequent 
the  shallow  rock-pools  at  ebb-tide  in  company  with  the  green-cod  or 
saithe,  and  as  they  grow  older  many  of  them  pass  outwards  again 
to  the  off-shore  waters.  Young  haddocks  have  a  different  distribu- 
tion from  the  young  cod,  and  are  found  in  the  deeper  water  at  a 
distance  from  shore,  as  appears  also  to  be  the  case  with  the  younger 
stages  of  the  whiting.  The  appearance  and  diagnostic  characters 
of  the  various  stages,  which  have  frequently  been  difficult  to  dis- 
tinguish in  the  past,  are  described  very  fully  and  are  illustrated 
by  a  series  of  figures. 


The  Distkibution  of  Pelagic  Eggs. 

Mr  A.  T.  Masterman  furnishes  a  review  of  the  work  done  by  p.  219. 
the  '  Garland '  in  connection  with  the  distribution  of  the  pelagic 
eggs  of  food  fishes  in  the  years  1890-1896,  with  special  refer- 
ence to  the  determination  of  the  spawning  areas  aijd  seasons  of 
the  various  species  and  the  direction  taken  by  the  eggs  after  they 
are  shed.  The  observations  made  in  the  Firth  of  Forth  and  St 
Andrews  Bay  throughout  the  above  period  are  brought  together 
and  compared,  lists  being  furnished  of  the  principal  species  dealt 
with.  The  more  important  conclusions  drawn  from  the  study  of  the 
distribution  of  the  pelagic  eggs  agree  with  those  previously  derived 
from  the  investigations  into  the  distribution  of  spawning  adults, 
namely,  the  season  at  which  the  various  species  spawn,  and  the 
place  where  the  eggs  are  shed.  It  is  shown  that  the  more  valuable 
forms,  such  as  the  cod,  haddock,  plaice,  coal-fish,  turbot  and  ling, 
spawn  outside  the  three-mile  limit,  the  floating  eggs  appearing  first 
at  the  seaward  stations  and  being  gradually  drifted  in ;  on  the 
other  hand,  less  important  species,  such  as  the  gurnard,  floimder, 
and  dabs  spawn  within  the  limit  as  well  as  beyond  it,  and  the  sprat 
spawns  principally  within  the  limits  of  the  Firth  of  Forth. 
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p.  246.  A  description  of  the  pelagic  eggs  and  young  jSshes  obtained  by 

the  *  Garland '  last  year  in  the  Firth  of  Forth,  Moray  Firth,  and 
Firth  of  Clyde,  is  furnished  by  Mr  H.  M.  Kyle. 


Seine-Net  Fishing  for  Herrings. 

Arrangements  were  again  made  in  the  spring  of  the  present  year, 
before  the  time  that  the  herring  fishing  on  Ballantrae  Bank  usually 
begins,  to  conduct  an  investigation  as  to  the  action  of  the  seine-net 
in  capturing  herrings  on  that  spawning  ground,  particularly  with 
reference  to  the  main  allegations  against  its  use,  namely,  the 
destruction  of  herring-spawn  and  the  capture  of  large  quantities  of 
immature  herrings.  However,  as  has  been  the  case  during  previous 
seasons  when  similar  arrangements  were  made,  the  seine-net  was 
scarcely  ever  employed  on  the  bank,  and  hence  it  was  not  possible 
to  make  the  necessary  investigations.  Such  being  the  case,  the 
Board  have  arranged  to  extend  the  inquiry  as  opportunitv  occurs 
to  other  districts  in  the  West  Coast  where  this  mode  of  fishing 
for  herrings  is  employed. 


The  Oyster-Beds  in  the  Fiuth  of  Forth. 

In  last  year's  Eeport  a  description  was  given  of  the  present  ex-* 
hausted  condition  of  the  oyster-beds  in  the  Firth  of  Forth,  and  of 
the  measures  which  might  be  taken  with  the  view  of  restoring  part 
of  them  to  their  previous  state.  Communications  on  the  subject 
have  passed  between  the  Board  and  the  Town  Council  of  Edinburgh, 
as  well  as  the  other  proprietors,  and  a  preliminary  conference  for 
the  consideration  of  the  report  dealing  with  the  beds  was  held 
during  the  present  year.  In  view  of  the  importance  of  the  matter 
to  the  public  and  to  the  fishermen  along  the  shores  of  the  Firth  of 
Forth,  the  Board  are  desirous  of  giving  all  the  sissistanoe  in  their 
power  to  facilitate  a  satisfactory  arrangement  being  reached. 


The  Bearing  of  Larval  and  Post-Larval  Plaice  and 
OTHER  Flat*  Fishes. 

p.  175.  In  connection  with  the  artificial  propagation  of  the  food  fishes  a 

series  of  experiments  were  made  by  Mr  H.  Dannevig  in  the  rear- 
ing of  the  young  fishes  derived  from  the  artificially  fecundated  eggs, 
which  have  yielded  results  of  scientific  interest.  The  natural  food 
of  the  early  post-larval  plaice  has  been  determined,  and  also  the 
duration  of  the  larval  and  post-larval  periods.  It  was  found  that 
the  larvffi  from  plaice  eggs  which  were  fertilised  on  the  28th 
April  and  hatched  on  the  10th  May,  took  eight  days  to  absorb 
the  yolk  and  enter  on  the  post-larval  stage,  and  other  thirty-four 
days,  or  forty-two  days  from  the  date  of  hatching,  before  they 
settle  permanently  on  the  bottom  as  typical  little  flat-fishes.  The 
changes  dimng  their  developmeut  are  described  and  illustrated  in 
a  pl^^te. 
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Marine  Dutoms. 

Mr  George  Murray,  Keeper  of  the  Department  of  Botany  of  the  p.  212, 
British  Museum,  conducted  on  board  the  '  Garland '  during  part  of 
the  year  an  investigation  into  the  distribution  and  reproduction  of 
diatoms  and  nunute  floating  vegetation  found  in  the  sea,  which 
form  an  important  constituent  of  the  food  of  minute  crustaceans 
and  of  fishes  in  their  very  early  stages.  In  the  paper  describing 
the  results  it  is  pointed  out  that  during  the  first  months  of  the  year 
there  is  a  remarkable  prevalence  of  diatom  life  in  the  sea  ofif  Dotii 
the  east  and  west  coasts,  the  quantity  diminishing  towards  the  end 
of  March,  and  thereafter  remaining  at  a  fairly  constant  minimum. 
The  part  taken  by  these  minute  vegetable  forms  in  furnishing  food 
for  Crustacea  and  young  fishes  is  described,  as  well  as  the  repro- 
ductive processes  of  the  diatoms,  respecting  which  the  observations 
have  been  of  great  scientific  importance. 

Professor  Cleve,  of  Upsala,  Sweden,  the  eminent  authority  on  p.  297. 
diatoms,  also  contributes  a  paper  to  the  present  repoi-t,  describing 
the  characters  and  distribution  of  the  diatoms  and  minute  plant- 
life  collected  by  tow-nets  in  the  Faroe-Shetland  channel  during  the 
expedition  of  H.M.S.  *  Research '  to  that  region  in  August  last  year. 
The  chief  object  of  the  inquiry  was  to  determine  by  comparison  of 
the  abundance  and  distribution  of  minute  floating  organisms,  the 
movements  of  the  water  towards  and  from  the  North  Sea. 


The  Invertebrate  Fauna. 

In  the  present  Eeport  will  be  found  a  paper  by  Mr  Thomas  p.  107. 
Scott,  F.LS.,  describing  the  invertebrate  fauna,  as  well  as  the  fishes, 
of  Loch  Fyne,  and  furnishing  lists  of  all  the  species  which  have 
been  found  in  that  loch,  together  with  notes  of  their  distribution. 
The  list  is  a  very  full  one,  comprising  over  eight  himdred  species, 
of  which  62  are  fishes,  219  mollusks,  345  Crustacea,  55  foramini- 
fera,  and  52  worms.  In  an  appendix  several  new  and  rare  species 
are  described  which  have  been  observed  during  the  past  year  in 
the  seaward  part  of  the  Clyde  area,  and  an  account  is  also  given  of 
the  parasites  of  the  common  copepod,  Calanus  finmarchicus,  which 
forms  an  important  constituent  of  the  food  of  fishes.  In  another 
paper  Mr  Scott  gives  the  results  of  his  continued  investigations  on  p.  316. 
the  invertebrate  fauna  of  the  inland  waters  of  Scotland,  including 
that  of  several  lochs  in  Cantyre,  Bute,  and  Forfarshire,  as  well  as 
of  Shetland,  in  the  examination. of  which  he  was  assisted  by  Mr 
Eobert  Duthie.  Through  these  investigations  some  important  addi- 
tions have  been  made  to  the  fresh  water  fauna  of  Scotland.  In  a 
third  paper  the  invertebrate  faima,  collected  by  tow-nets  used  on  p.  305. 
board  H.M.S. '  Eesearch '  in  the  Faroe-Shetland  Channel,  in  August, 
is  described,  notes  being  furnished  showing  the  distribution  of 
the  various  species  obtained 
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Physical  Investigations. 

In  aflclitiou  to  the  regular  determinatious  of  the  temperature  and 
density  of  the  sea  water  at  various  stations  by  the  '  Garland/ 
special  physical  investigations  were  made  last  year  in  the  Faroe- 
Shetland  Channel  and  in  Loch  Fyne.  By  the  courtesy  of  Admiral 
Wharton,  the  Hydrographer  to  the  Admiralty,  a  series  of  tempera- 
ture observations  were  taken  in  the  former,  area  by  the  officers  of 
H.M.S.  *Eesearch,'  under  the  command  of  Captain  Moore,  and  a 
large  number  of  samples  of  water  were  secured  from  various  depths 
for  the  subsequent  determination  of  the  density.      Mr  H.   N. 

p.  280.  Dickson,  F.E.G.S.,  has  prepared  a  special  report  on  the  subject, 

which  is  printed  in  the  present  Report  The  work  was  undertaken 
with  the  view  of  forming  part  of  the  continued  hydrographic  survey 
of  the  North  Sea  and  the  North  Atlantic  instituted  as  an  interna- 
tional scheme  with  Sweden,  Denmark,  Norway,  and  Germany  in 
1893,  and  the  observations  made  on  board  H.M.S.  *  Research '  form 
an  important  contribution  to  the  subject.  The  observations  in 
Loch  Fyne  and  the  Firth  of  Clyde  were  made  by  Dr  H.  E.  Mill  in 

p.  262.  April  and  September,  and  are  dealt  with  in  a  paper  in  the  present 

Report.  They  serve  to  confirm  the  previous  conclusions  as  to  the 
circulation  of  the  waters  in  Loch  Fyne. 

We  have  the  honour  to  be, 

Your  Lordship's  most  obedient  servants, 

ANGUS  SUTHEELAND,  Chairman, 
D.  CEAWFOED,  Deputy  Chairman, 
JOHN  MUEEAY. 
J.  RITCHIE  WELCH. 
W.  E.  DUGUID. 
AECHIBALD  JAMESON. 


Wm.  C.  EOBERTSON,  Secretary. 
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L— REPORT  ON  THE  TRAWLING  EXPERIMENTS  OF  THE 
*  GARLAND/  AND  ON  THE  STATISTICS  OP  EAST 
COAST  FISHERIES  RELATING  THERETO. 

INTRODUCTORY. 

As  stated  in  last  year's  Report  the  trawling  experiments  carried  on  by 
means  of  the  *  Garland  *  have  for  the  present  been  suspended  in  the  Firth 
of  Forth  and  St  Andrews  Bay,  where  they  were  most  systematically  and 
regularly  conducted  for  a  number  of  years.  The  general  results,  so  far  as 
concerns  the  moKt  important  subject  of  the  experiments  in  these  waters, 
the  increase  or  decrease  in  the  abundance  of  the  food-fishes  since  beam- 
trawling  was  prohibited,  were  set  forth  in  the  Report  last  year.*  They 
showed  that  while  the  relative  numbers  of  most  of  the  round-fishes,  such 
as  cod  and  haddock,  and  the  unimportant  flat-tishes,  the  dabs,  had  slightly 
increased,  there  was  a  decrease  among  the  more  valuable  flat-fishes,  the 
plaice  and  lemon  sole ;  a  circumstance  probably  due  to  the  increased 
trawling  in  the  offshore  areas  where  these  fishes  spawn. 

During  the  year  1896  the  trawling  operations  of  the  *  Garland'  were 
for  the  most  part  confined  to  the  Moray  Firth  and  the  Clyde.  In 
January  and  February  32  hauls  of  the  trawl-net  were  made  in  the  Firth, 
of  Forth  and  St  Andrews  Bay,  and  thereafter  147  hauls  were  made  in  the 
Moray  Firth  and  in  the  Clyde  ai-ea,  the  stations  in  one  or  other  of  these 
areas  being  examined  in  April,  August,  October,  and  November.  In 
addition  to  the  trawling  operations,  other  investigations  and  observations 
Wtire  made  on  board  the  *  Garland  '  during  the  year,  such  as  on  the  nature 
and  distribution  of  the  pelagic  fauna,  on  the  invertebrate  fauna  obtained 
in  the  trawl-net,  on  the  distribution  of  the  pelagic  eggs  and  larvsB  of  the 
food-fishes,  and  the  distribution  of  immature  and  spawning  fishes.  In 
April  and  August  the  vessel  was  em[»loyed  in  making  investigations  on 
the  distribution  and  reproduction  of  diatoms,  under  Dr  (Jeorgo  Murray 
of  the  British  Museum  ;  a  report  on  this  subject  is  contained  in  the  present 
Report.  In  April  and  September  Dr  H.  R  Mill  carried  on  an  investiga- 
tion on  the  physical  conditions  of  the  Clyde  sea-area,  the  results  of  which 
are  also  embodied  in  a  paper  in  this  Report.  In  connection  with  the  sea- 
fish  hatchery  at  Dunbar  the  '  Garland  '  was  engaged  in  procuring  adult 
flat-fishes,  and  in  transporting  the  fry  ;  and  physical  observations  on  the 
temperature,  salinity,  and  transparency  of  the  sea  were  made  at  the 
various  trawling  stations. 

The  statistics  collected  in  connection  with  the  trawling  experiments 
in  the  Moray  Firth,  showing  the  quantities  of  the  various  kinds  of  fish 
caught  by  line  fishermen  within  the  closed  waters  in  each  month  of  the 
yjear,  and  for  the  whole  year,  are  appended  to  this  Report,  and  are 
discussed  below.  The  collection  of  these  statistics  was  made  by  the 
Fishery  Officers  of  the  respective  districts,  or  by  their  correspondents. 
The  trawling  records  were  almost  all  kept  by  Mr  Thomas  Scott,  F.L.S.; 
occasionally  by  Captain  Campbell  in  command  of  the  *  Garland.'  I  have 
to  thank  Mr  J.  G.  Anderson  for  assistance  in  tabulating  the  statistics. 
•  Fourteenth  Annual  Report,  Part  iii.  p.  128. 
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The  Trawling  Experiments  in  the  Moray  Firth. 

In  this  important  area  the  means  taken  to  ascertain  the  influence  of  its 
closure  to  beam-trawlers  on  the  abundance  of  the  food-fishes  within  it, 
have  consisted,  in*  the  first  place,  of  direct  trawling  experiments  made  by 
the  *  Garland  *  at  sixteen  stations,  and,  in  the  second  place,  by  tbe 
collection  of  special  statistics  around  the  coast,  to  show,  as  far  as  possible, 
the  quantities  of  the  various  kinds  of  fishes  caught  by  line  fishermen 
within  the  closed  area  in  each  month  of  the  year,  and  the  number  of 
*  shots'  of  the  lines.  Durinp'  last  year  the  inshore  stations  in  the  Moray 
Firth  were  examined  on  three  occasions,  in  August,  October,  and 
November.  Owing,  for  the  most  part,  to  the  exposed  situation  of  the 
stations  at  Smith  Bank  and  the  offshore  grounds  it  is  not  always 
practicable  for  a  small  vessel  like  the  '  Garland '  to  continue  trawling 
operations  at  them  ;  these  stations  were  therefore  not  examined  so 
frequently  as  the  others  lying  closer  to  the  shore.  So  far  as  the  results  go, 
they  show  that  the  average  numbers  of  flat-fishes  captured  per  haul  at  each 
pf  the  stations  in  1896  were  c^  follows  ; — 

Flat-Fishes. 


Station. 

Plaice. 

Lemon 
Soles. 

Witch 
Soles. 

Common 
Dab. 

Lonp:  Rough 
Dab. 

Turbot. 

Brill. 

Total. 

1 

82-9 

1-0 

817 

0-3 

8-3 

119-0 

2 

7-0 

07 

77 

257 

16-3 

677 

8 

26-3 

23 

17 

... 

... 

29-3 

4 

46-3 

.  . 

12-0 

i'o 

59-3 

5 

27-3 

27 

21-3 

1-3 

10 

687 

6 

28-0 

2-0 

58 -0 

1-0 

89-0 

7 

1-8 

2-3 

188-0 

34-0 

... 

226-7 

8 

0-8 

5-0 

57 

687 

55-3 

0-3 

125-3 

9 

1-0 

07 

07 

837 

427 

... 

1287 

10 

3-8 

107 

667 

11-3 

6-3 

... 

91-8 

11 

7-0 

7-0 

... 

1170 

10 

182  0 

12 

6-0 

6-0 

99-0 

'20 

1120 

18 

6-0 

6-0 

14 

'2-0 

30 

36-0 

'3*0 

43-6 

16 

1-0 

15-0 

io 

159-0 

36  0 

212-0 

1« 

1-0 

15-0 

... 

109-0 

37  0 

1620 

The  average  number  of  round-fishes,  comprising  cod,  haddock,  whiting, 
and  gurnard,  varied  from  5  to  120  per  haul  of  the  net  at  the  various 
stations.  It  is  at  present  of  little  use  to  make  comparison  between  the 
results  of  the  trawling  experiments  last  year  and  those  of  previous  years 
in  this  area,  because  of  the  fact  that  the  number  of  hauls  in  previous 
years  was  small,  and  the  montlis  in  which  the  stations  were  examined 
were  not  always  the  same. 

Among  the  more  important  questions  yet  to  be  determined  in  the 
Moray  Firth  are  the  definition  of  the  spawning  or  breeding  grounds  of 
white-fish,  and  the  distribution  of  immature  fishes  throughout  the  area  at 
different  seasons.  It  is  known  from  the  scientific  work  carried  on  in 
previous  years  that  great  shoals  of  plaice,  as  well  as  of  cod  and  haddock, 
frequent  Smith  Bank,  the  well-known  fishing-ground  lying  off  the  coast 
of  Caithness.  But  our  knowledge  of  this  bank  at  the  spawning  season  is 
very  imperfect^  and  we  have  no  scientific  knowledge  of  the  other  spawn- 
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ing  areas  within  the  limits  of  the  Firth,  or  of  the  distribution  of  immature 
fish  at  different  seasons. 

The  statistics  of  the  fish  caught  within  the  closed  area  by  line  fisher- 
men above  referred  to,  have  been  collected  for  the  past  three  years.  The 
totals  and  the  average  per  *  shot '  for  each  fishery  district  for  that  period 
are  as  follows : — 


District. 

1894. 
Cwts.       Average. 

1895. 

r 

Cwts.       Average. 

189 
Cwts. 

5. 

Average. 

Wick, 

19,008 

2-47 

23,009 

4-03 

31,556 

5-40 

Lvbstcr,     . 
Helmsdale, 

4,408 

4-91 

3,977 

3-77 

4,241 

2-87 

15,826 

3-52 

16,669 

415 

18,360 

4-71 

Cromarty,  . 

21,846 

,     307 

.    19,193 

2-93 

15,317 

2-51 

Findhorn,  . 

60,074 

;     4-04 

68,761 

4-86 

63,521 

4-46 

Buckie,       . 

48,540 

!     4  21 

50,489 

4-66 

57,450 

5  05 

Banff, 

49,292 

,     2-94 

76,491 

4-77 

66,471 

3-82 

Totals, 

218,494 

!     3-05 

1 

258,590 

4-43 

256,916 

4-26 

It  is  interesting  to  compare  the  figures  given  in  this  table,  which  show 
the  total  quantity  of  fish  caught  by  line  within  the  closed  waters,  with 
the  figures  showing  the  total  quautity  of  the  same  kinds  of  fish  landed  in 
each  district,  and  caught  both  within  and  witliput  the  closed  area. 

Thus,  excluding  herrings,  s])rats,  and  mackerel,  which  are,  of  course, 
not  comprised  in  the  special  statistics  appended  to  tliis  report,  it  is  found 
that  the  total  quantities  (cwts.)  of  wliite-fish  landed  in  each  of  the 
districts,  in  1896,  were  as  follows  : — 

Wick.     Lybster.     Helmsdale.     Cromarty.     Fiiulhorn.     Buckie.     Banff. 
61,429       4241  1S,390  15,317  63,521        61,088     66,665 

Comparison  of  tie  figures  show  that  almost  all  the  line-caught  fish 
landed  in  these  districts  are  taken  from  the  closed  waters  of  the  Moray 
Firth.  The  Wick  district  comprises  only  a  comparatively  small  part  of 
the  coast  of  the  Moray  Firth,  while  it  includes  the  north  coast  of  Scotland 
as  far  as  Cape  Wrath  ;  and  the  totals  for  the  whole  district  are,  of  course, 
derived  from  the  whole  extent  of  coast  witliin  its  limits.  Yet  rather 
more  than  half  the  total  quantity  of  fish  landed  in  the  district  is  drawn 
from  the  Moray  Firth.  All  the  line-caught  fish  in  the  districts  of  Lybster, 
Cromarty,  and  Findhorn  are  returned  has  having  been  obtained  from  the 
closed  watore.  In  Helmsdare  district  18,360  cwts.  were  taken  from  the 
closed  waters  and  30  cwts.  from  the  open  waters ;  in  l>uckie  district  the 
respective  quantities  were  57,450  cwts.  and  3G38  cwts. ;  and  in  Banff 
district  they  were  66,471  cwts.  and  94  cwtJ».  respectively. 

With  regard  to  the  increase  or  decrease  in  the  quantities  taken  in 
each  year  in  the  closed  waters  it  will  be  observed  that  a  considerable 
increase  occurred  in  most  of  the  districts  as  between  the  years  1894  and 
1896,  and  a  relatively  small  decrease  as  between  1895  and  1896,  both  as 
regards  the  absolute  quantity  of  fish  landed  and  the  average  quautity 
caught  per  *8hot'  of  the  lines.  Only  the  two  districts,  Lybster  and 
Cromarty,  show  a  continuous  decrease,  b  )th  in  total  quantity  landed  and 
in  the  average  per  *  shot'  The  number  of  *  shots*  made  in  the  closed 
waters  have  steadily  increased  on  the  part  of  th(}  large  boats,  while  they 
have  diminished  on  the  part  of  the  small  boat^.  Thus,  in  1894,  7082 
*  shots'  of  the  long  lines  were  made;  in  1895  the  number  was  7710;  ami 
in  1896,  11,915.     The  small  Wt9  in  1894  made  54,866  *  shots  ;  in  1895 
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the  number  was  50,643 ;  and  in  1896,  48,346.  In  the  three  years,  there- 
fore, *  shots '  of  the  great  lines  increased  by  4833,  while  the  *  shots  *  of  the 
small  lines  diminished  by  6520. 

The  number  of  *  shots*  made  by  the  largo  boats  increased  in  all  the 
districts  except  Cromarty,  where  they  diminished;  the  increase  was 
greatest  iu  Wick  district,  the  figures  being  396  in  1894;  1553  in  1894; 
and  2774  in  1895.  The  number  of  'shots*  made  by  the  small  boats 
decreased  at  all  the  districts  except  at  Lybster  and  Findhorn.  At  Wick 
the  figures  given  iu  the  returns  for  the  three  years  are  as  follows : — 1894, 
7295  shots;  1895,  4155  shots;  1896,  3063  shots. 

The  greatest  quantity  of  the  fish  caught  by  line  within  the  closed 
waters  of  the  Moray  Firth  is  landed  iu  the  Banff  district,  and  the  next 
greatest  quantity  in  the  Findhorn  district.  Then  comes  Buckie,  Wick, 
Cromarty,  Helmsdale,  and  Lybster. 

With  respect  to  the  quantities  and  averages  of  the  different  kinds  of 
fish  caught  in  each  of  the  thi-ee  years,  the  figures  are  given  in  the  follow- 
ing table : — 


FUh. 

1894. 

189 

!i. 

1896. 

Cwts. 

Average. 

Cwts. 

Average. 

Cwts. 

Average. 

Cod. 

32.671 

0-52 

47,646 

0-81 

64.663 

1-07 

I^ing,          .        . 

2,169 

0-035 

2,937 

0-005 

3,868 

0  062 

Torek, 

25 

0-0015 

24 

0-0004 

94 

0-001 

Snithe, 

6,120 

0-09 

5,083 

0-087 

10,636 

0-17 

Haddock,  . 

153.529 

2-47 

178,370 

8  056 

156.703 

2-6 

Whiting.    . 

5.845 

0-094 

5,114 

0-087 

4.886 

0-08 

Turbot,      . 

5 

... 

... 

15 

Halibut,     . 

254 

0-004 

403 

0-007 

691 

0-011 

Lemon  Sole, 

••« 

... 

... 

... 

19 

... 

•  *  Flounder,  Plaice, 

Brill,'  . 

5,477 

0-088 

5,765 

0  09 

3.402 

0-056 

Conger,       . 

1.244 

0-02 

777 

0-013 

823 

0-013 

Skates,      '. 

3,281 

0053 

3.014 

0-061 

3,683 

0-061 

Other    kinds    of 

white-fish.       . 

* 

7,976 

0-128 

9.456 

0-16 

7,483 

012 

The  most  obvious  feature  in  this  table  is  that  the  great  bulk  of  the  fish 
landed  in  each  year  within  the  whole  area  consisted  of  haddocks,  which 
made  up  about  two-thirds  of  the  catches,  and  of  cod.  The  preponderance 
of  haddocks  is  most  marked  in  the  districts  on  the  south  coast,  Cromarty, 
Findhorn,  Buckie,  and  Banff.  At  Wick  and  Lybster  the  quantity  of  cod 
lauded  in  each  year  exceeded  the  quantity  of  haddocks.  Ling,  conger, 
halibut,  and  torsk,  which  are  rather  deep-water  fish,  were  caught  in  com- 
paratively small  quantity,  and  the  greatest  proportion  was  landed  at  the 
northern  stations  in  the  Wick  and  Helmsdale  districts  and  at  Buckie. 

It  will  be  observed  that  the  quantity  of  flat-fishes  landed  in  each  year 
was  small.  In  the  three  years  together  only  20  cwts.  of  turbot  are 
returned  from  all  the  districts.  The  flat-fishes  included  under  the  title 
<  flounder,  plaice,  and  brill,'  and  which  consist  principally  of  plaice  and 
dabs,  form  the  great  bulk  of  those  lauded.  The  total  quantity  of  flat- 
fishes landed  in  each  of  the  years  was  as  follows : — 5736  cwts.,  or  2-6  per 
cent,  of  the  whole,  in  1894 ;  6170  cwts.,  or  2*3  per  cent,  in  1895 ;  and 
4127  cwts.,  or  1*6  per  cent.,  in  1896,  showing,  therefore,  a  falling  off  in 
relative  abundance  compared  vnth  the  round-fishes.      The  decrease  is  in 

*  The  fish  included  under  this  head  comprise,  for  the  most  part,  plaice  and  dabs. 
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tbe  group  *  flounder,  plaice,  and  brill,'  the  quantity  of  which  fell  from 
5477  cwts.  in  1894,  and  5767  cwts.  in  1895,  to  3402  cwts.  last  year. 
The  quantity  of  halibut,  on  the  other  hand,  increased  from  254  cwts.  in 
1894,  and  403  cwts.  in  1895,  to  691  cwts.  in  1896. 

In  the  three  years  under  consideration  a  marked  increase  occurred  in 
cod,  both  in  tlie  gross  quantity  landed  and  in  the  average  quantity  cap- ' 
tured  per*  shot 'of  the  lines.  In  1894,  32,571  cwts.  were  landed,  as 
against  47,646  cwts.  in  1895,  and  64,663  cwts.  in  1896;  so  that  the 
amount  was  as  nearly  as  possible  doubled  during  the  three  years.  The 
average  per  'shot*  also  increased  from  0*52  cwt.  in  1894  to  0*81  cwt.  in 
1895  and  107  cwt.  in  1896. 

The  averages  for  each  district  in  the  different  years  are  as  follows : — 


1894. 

1895. 

1896, 

Wick    . 

0-99 

1-83 

3-22 

Lybster 

1-92 

1-79 

1-71 

Helmsdale    . 

0-75 

1-31 

201 

Cromarty 

0-59 

0-617 

.    0-74 

Findhurn 

0-48 

0-75 

0-85 

Buckie 

0-55 

10 

1-3 

Banff 

013 

0-27 

0-22 

It  will  thus  be  seen  that  in  nearly  every  district  a  continuous  increase 
in  the  quantity  of  cod  captured  per  '  shot '  of  the  lines  took  place ;  that 
shown  in  the  returns  for  the  Wick  district  is  remarkable. 

The  increase  in  the  amount  of  haddocks  landed  from  the  Moray  Firth 
was  not  so  steady  throughout  the  |)eriod,  the  statistics  showing  a  falling 
off  both  in  the  gross  quantity  landed  and  the  average  per  *  shot '  last  year 
as  compared  with  the  previous  year,  although  1895  showed  a  considerable 
increase  in  both  as  against  1894.  The  total  quantity  landed  in  1894  was 
153,529  cwts.,  the  average  per  *shot'  being  2*47  cwts.;  in  1895  the  total 
was  178,370  cwts.  and  the  average  3  056  cwts,;  and  in  1896  the  total 
was  156,703  cwts.  and  the  average  2*6. 

The  average  quantities  per  '  shot '  in  each  of  the  years  in  the  various 
districts  are  as  follows  : — 

1894. 

Wick    .        .        .  0-54 

Lybster.        .         .  163 

Helmsdale      .        .  2*16 

Cromarty        .        .  218 

Findhorn       .         .  3*31 

Buckie  .        .        .        3178 

Banff     .        .        .  2-47 

These  figares  show  that  the  average  catch  of  haddocks  per  '  shot '  was 
less  in  1895  than  in  1894  in  the  northern  districts,  Wick,  Lybster, 
Helmsdale,  and  Cromarty,  and  greater  in  the  southern  districts,  Findhorn, 
Buckie,  and  Banff.  In  the  latter  the  increase  was  very  marked.  Almost 
the  exact  oppasite  prevailed  in  the  following  year,  the  averages  increasing 
at  Lybster  and  Helmsdale,  and  diminishing  at  Findhorn,  Buckie,  and 
Banff,  but  also  at  Cromarty  and  Wick.  The  latter  district  is  the  only 
one  which  shows  a  continuous  decrease  in  the  average  throughout  the 
three  years. 

The  next  most  abundant  line-caught  fish  is  the  saithe  or  coalfish,  and 
the  figures  show  a  considerable  increase  in  the  quantity  landed  during  the 


1895. 

1896. 

0-508 

0-22 

1-29 

0-69 

211 

2-2 

1-96 

151 

3-73 

3-32 

3-19 

3-16 

407 

3-06 
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period.  In  1894r  the  total  for  the  whole  of  the  Moray  Firth  was  6120 
cwts.,  the  average  per  'shot'  being  0*09  cwts.;  in  1895  the  total  and 
average  were  somowhat  less,  namely,  5063  cwts.  and  0*087,  while  in 
1896  the  total  quantity  landed  was  10,636  cwts.,  and  the  average  per 
'shot'  0-17  cwts.  In  the  districts  of  Wick,  Helmsdale,  and  Buckie  the 
averages  continuously  augmented  throughout  the  period,  while  they 
diminished  or  fluctuatcil  in  the  other  districts. 

Both  the  total  quantity  and  the  average  per  *shot*  of  whiting  landed 
decreased  during  the  three  years,  a  result  which  was  also  found  to 
occur  in  the  Firth  of  Forth  and  St  Andrews  Bay ;  but  this  fish  is  not  of 
great  importance.  In  1894  the  total  for  the  whole  area  was  5842  cwts., 
the  average  per  *shot'  being  0*094  cwts.;  in  1895  the  total  was  5114 
cwts.  and  the  average  0*087  ;  and  in  1896  the  res|)ective  quantities  were 
4836  cwts.  and  008.  Whiting  were,  for  the  most  part,  landed  in  the 
Banff  and  Findhorn  districts. 

The  quantity  of  conger  landed  also  diminished,  but  the  totals  are  small. 
Skate  increased  somewhat  in  amount,  the  figures  for  1894  showing  a  total 
of  3281  cwts.  and  an  average  of  0*053,  compared  with  totals  of  3014  and 
3683  cwts.  in  1895  and  1896  respectively,  with  averages  of  0*051  and 
0061.  The  quantity  and  average  of  fish  not  separately  enumerated 
included  under  the  heading  of  '  other  kinds  of  white-fish '  remained  much 
the  same  throughout,  the  averages  for  the  three  jears  being  0*128,  016, 
and  0*12  cwts.  respectively. 

The  figures  given  above,  therefore,  indicate,  for  the  most  part,  an 
increase  in  the  abundance  of  round-fishes  caught  by  line  within  the 
closed  waters  of  the  Moray  Firth  during  the  last  three  years,  a  result  that 
one  would  expect  from  the  reservation  of  these  waters  to  line  fishing.  I 
was  desirous  of  a.scertaining  what  relation  the  total  quantity  of  fish 
obtained  annually  from  this  area  since  trawling  was  prohibited  would 
bear  to  the  total  quantity  in  previous  years  when  trawling  was  permitted, 
but  there  do  not  appear  to  be  statistics  available  on  the  point.  It  is 
surprising  that  the  quantity  of  flat-fish  caught  in  the  Moray  Firth  should 
have  diminished  since  1894,  although  trawling  has  been  interdicted 
during  the  whole  time. 

The  trawling  stations  in  Aberdeen  Bay,  Montrose  Bay,  and  at  the 
Orkney  Islands  were  not  examined  during  the  year. 


The  Firth  op  Clyde.. 

During  last  year  the  twelve  trawling  stations  in  the  Firth  of  Clyde 
were  examined  on  two  occasions,  once  in  April  and  once  in  October  ;  and 
a  number  of  special  hauls  were  made  at  other  stations  along  selected 
lines,  in  order  to  determine  the  distribution  of  spawning  fish  and  of 
immature  fish  at  various  parts  of  the  area.  As  in  the  case  of  the  Moray 
Firth,  the  examination  of  the  stations  selected  with  the  view  of  ascertain- 
ing the  influence  of  the  prohibition  of  beam-trawling  on  the  fishing- 
grounds,  has  been  imperfect  and  insufficient  to  supply  satisfactory  infor- 
mation on  the  subject.  The  particulars  of  each  haul  are  given  in  the 
tables  appended  to  this  Report  (p.  55). 

Comparison  of  the  results  obtained  in  the  various  years  when  the 
stations  were  examined  shows  that,  taking  all  the  stations  together,  and 
all  kinds  of  fish,  the  average  per  haul  of  the  trawl  has  somewhat  increased 
over  the  whole  period.  In  1888  the  general  average  was  109*7 
per  haul;  in  1890  it  was  99*5  per  haul;  in  1895  it  was  113*4;  and 
in  1896,  120"7;  showing,  therefore,  a  diminution  in  1890  as  compared 
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with  1888,  and  an  increase  in  the  other  years.     The  averages  for  flat- 
fishes and  round-fishes  respectively  in  the  various  years  are  as  follows : — 


1888. 

1890. 

1895. 

1896. 

Fiat-Fishes 

61-2 

6M 

64-7 

75-5 

Round-Fishes    . 

447 

351 

43-6 

351 

These  figures  indicate  a  gradual  increase  in  fiat-fibhes  and  a  fluctuation 
in  the  abundance  of  round-fishes.  An  examination  of  the  statistics 
relating  to  the  different  kinds  of  fish  captured,  shows  that  the  increase 
amon«j  flat-fishes  was  confined  almost  entirely  to  dabs  and  witch 
flouuders,  plaice  having  diminished  in  numbers.  It  would  be  of  little 
value  with  the  rather  scanty  returns  at  present  available  to  institute  a 
comparison  between  the  quantities  caught  at  the  diff'erent  stations  in  the 
various  years,  especially  as  the  months  do  not  correspond. 

T.  WEMYSS  FULTON, 

Scientific  Superintendent. 
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TABLE  A. — Showing  Summary  op  Fish  taken  by  tub  'Garland' 
Trawunq  Operations  in  1896. 


station  and 
Date. 

Flat-Fbh. 

lioima-n»h. 

1 

1 

1 
o 

1 

1 

1 

1 

1 

^ 

II 

1 

j 

i 

i 

-3 

t 

£ 

1 
1 

^ 

Firth  or 

FORTB— 

■ 

Station  1. 

\ 
1 

1 

Jan.  24, 
Feb.  14,      . 

5 

3 

7 

• 

3 
2 

22 
28 

• 

, 

• 

28 
37 

24 
26 

4 
18 

3 
14 

, 

31 
58 

1 

14 
13 

78 
109 

6 

10 

. 

6 

46 

• 

. 

66 

60 

22 

17 

. 

89 

1 

27 

182 

Station  ir. 

Jan.  24,     . 
Feb.  24,      . 

1 
2 

8 

• 

— 

3 
2 

6 

11 
2 

13 

. 

• 

• 

16 
6 

21 

6 
9 

16 

36 

's 

• 

6 

6. 

1 
2 

1 
6 

23 

<;6 

36 

8 

. 

69 

8 

6 

89 

StaUon  111. 

Jan.  20,      . 
Feb.  U,      . 

I 

4 

1 

3 
9 

12 
27 

, 

, 

21 
46 

18 
12 

6 
13 

3 
14 

, 

26 
39 

2 
2 

7 
12 

66 
98 

4 

9 

2 

12 

39 

. 

. 

66 

80 

18 

17 

65 

4 

19 

164 

Station  IV. 

Jan.  21,      . 
Feb.  20,      . 

249 
286 

i 

• 

12 
16 

2 

1 

; 

. 

261 
3U5 

1 
1 

• 

1 
1 

• 

2 
2 

1 

1 
6 

266 
312 

536 

1 

27 

2 

1 

666 

2 

. 

2 

4 

1 

6 

677 

StftUonV. 

Jan.  80,     . 
Feb.  19.      . 

1 
1 

, 

6 
8 

1 
2 

81 
49 

. 

89 
66 

6 
12 

28 

82 

8 

8 

• 

81 
102 

, 

2 

70 
169 

8 

. 

9 

8 

80 

94 

17 

106 

111      . 

183 

. 

2 

229 

StaUon  VI. 

Jan.  80,     . 
Feb.  1».     . 

47 
12 

8 
2 

. 

2 
6 

18 

; 

• 

2 

64 
32 

2 
6 

1 
9 

1 

• 

8 
16 

, 

, 

67 
47 

b\i 

M  • 

7 

13 

. 

2 

86 

7 

10 

1 

18 

104 

SUUon  VII. 

Jan.  30,      . 
Feb.  1J»,      . 

2 

6 

8 

1 
1 

2 
4 

1 
17 

19 
26 

\ 

, 

• 

26 
66 

1 

41 
13 

4 
2 

• 

46 
16 

8 
8 

2 

1 

81 
74 

■i 

6 

18 

46 

1 

80 

1 

64 

6 

• 

61 

11 

8 

166 
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TABLE  A.— Showing  Summauy  of  Fish  taken  by  the  *  Garland'  in  Trawlino 
Ofzrations  in  \^^Q—contimLC(L 


Stallun  and 
Dufc. 

Flat-Flsh. 

Round-Flsh. 

J 

% 

o 

1 

1 

a. 

5 

1 
it 

1 

1 

1 

t 

•0 

1 

FlRTII  OF 

FoHTii — ran- 

tinvtul. 

Station  VI 1 1. 

Jan.  20,      . 

2 

1 

1 

5 

10 

10 

8 

0 

2 

14 

2 

2 

87 

Fpb.  18,      . 

1 

1 

2 

7 

23 

1 

35 

2 

43 

8 

2 

55 

3 

2 

95 

3 

3 

8 

12 

33 

1 

54 

6 

52 

10 

2 

09 

5 

4 

133 

SUtion  LX. 

Jan.  29,      . 

1 

1 

H 

4 

9 

45 

5 

50 

1 

60 

Feb.  18,      . 

• 

. 

1 

6 

20 

• 

• 

. 

27 

I 

85 

G 

42 

• 

69 

1 

. 

2 

tf 

24 

. 

. 

36 

I 

80 

U 

92 

. 

1 

129 

Station  X. 

• 

( 

Jan.  26,      . 

, 

6 

2 

8 

8 

3 

1 

4 

16 

Feb.  12,      . 

3 

* 

2 

•— 

-^ 

-^ 

8 
11 

9 
12 

7 

• 

16 

1 

6 

26 

.  1  » 

•    1        7,      . 

ly 

2 

10 

42 

St  Ani>kkw8 

.     Ba»- 

i 

Statlon  I. 

Jan.  14,      . 

8 

2 

5 

1 

1 

2 

7 

Feb.  6, 

11 

6 

1 

• 

17 

• 

• 

• 

1 

18 

11 

. 

8 

8 

. 

22 

1 

1 

2 

1 

. 

25 

StaUuD  II. 

Jan.  17,      . 

1 

1 

1 

1 

8 

1 

6 

Feb.  7, 

10 

• 

• 

3 

2 

• 

• 

15 

1 

. 

1 

16 

10 

. 

. 

a 

3 

. 

. 

16 

1 

1 

2 

8 

1 

23 

StaUon  HI. 

Jan.  17,     . 

1 

5 

C 

2 

8 

1 

. 

6 

1 

18 

Feb.  7, 

11 

. 

7 

3 

21 

1 

. 

• 

1 

1 

. 

38 

12 

. 

. 

7 

8 

. 

. 

27 

2 

4 

1 

. 

7 

1 

I 

86 

StatloD  IV. 

Jan.  14,      . 

95 

9 

6 

1 

111 

2 

1 

3 

114 

Feb.  C, 

106 

• 

3 

• 

9 

1 

119 

• 

• 

2 

• 

121 

201 

• 

12 

• 

U 

. 

3 

280 

• 

2 

1 

• 

8 

2 

• 

285 
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TABLE  A. — Showing  Sctmmart  of  Fish  taken  by  the  'Garland*  in  Tkawlino 
Operations  in  1896— am^inwerf. 


Station  and 
Date. 

Flat-Flsh. 

Round-FIsh. 

• 

^ 

1 

1 

^ 

1 

5 

M 

& 

8 

1 

1 

II 

35 

1 

li 

1 

i 

o 

2 

1 

1 

1 

1 

^ 

St  Andkbws 

Bay— con- 

tinutd. 

1 

Station  V. 

1 

1 

1 

Jan.  14,      . 
Feb.  6, 

8 

4 

1 

1 

8 

16 
16 

•        • 

19 
24 

5 

8 

1 

2 

1 

16 
2 

1 

36 
26 

7 

1 

.     i      4 

81 

.    1    .    |43 

5 

9 

3 

•    1    " 

1 

. 

61 

Station  VI. 

Jan.  17,     . 
Fob.  6, 

2 

1 

2 

2 

V 

9 
16 

• 

13 
26 

9 

23 
23 

8 
2 

, 

S5 
25 

4 
1 

1 
2 

63 
64 

8 

2 

2 

7 

25 

. 

89 

9 

46 

5 

60 

6 

8 

107 

MoRAT 
FUITU— 

' 

Station  I. 

Aug.  26,     . 
Oct.  16,      . 
Nov.  27,     . 

24 
55 
19 

1 
1 
1 

131 
110 

4 

1 

• 

• 

1 
2 

7 

158 
168 
31 

• 

13 
3 

18 
8 

8 
2 
1 

* 

174 
178 
82 

98 

8 

245 

1 

. 

10 

357 

. 

. 

16 

16 

6 

. 

879 

StaUun  II. 

Aug.  21,     . 
Oct.  16.       . 
Nov.  28 

9 
9 
3 

1 

1 

6 
12 
6 

6 
47 
24 

16 
17 
17 

1 

• 

36 
86 
51 

• 

6 
8 

4 

3 

2 

1 
2 

11 

4 
6 

'2 

4 

61 
98 
57 

21 

2 

23 

77 

49 

1 

. 

178 

18 

3 

5 

21 

2 

4 

200 

StaUon  III. 

Aug.  22,     . 
Oct;  20,       . 
Nov.  14,     . 

22 
26 

29 

4 
3 

• 

4 

1 

• 

• 

• 

• 

26 
29 
88 

14 

6 

47 

2 
2 
6 

'2 

'2 

16 
11 
63 

10 

1 
1. 

4 

43 
61 
»0 

76 

7 

. 

6 

88 

66 

10 

2 

2 

80 

10 

6 

184 

Station  IV. 

Aug.  24,     . 
Oct.  28,      . 
Nov.  26,     . 

18 
84 
42 

. 

• 

12 
20 

4 

• 

2 

1 

25 
106 
47 

• 

8 

1 

• 

14 

17 

1 

1 
9 

1 

*1 

43 
117 

48 

189 

. 

86 

. 

.    1    3 

178 

4 

14 

18 

11 

1 

208 

StaUon  V. 

Aug.  24,     . 
Oct  28,      . 
Nov.  26,     . 

6 
66 
12 

3 
6 

.' 

19 
15 
80 

4 

'■\'\ 

27 
82 
62 

1 
1 
4 

6 
2 
18 

1 

20 

1 

28 
4 
22 

1 
3 

1 
6 

56 
90 
79 

82 

8 

. 

64 

4 

• 

•    t    8 

161 

6 

26 

1 

21 

64 

4 

6 

226 
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TABLE  A.— Showing  Summary  of  Fish  t.aken  by  the  'Garland*  in  Tkawung 
Operations  in  1896— coTi/mw^d. 


SUition  and 
Dute. 

Hat-FUh. 

Round-Fish. 

1 

i 

o 

1 

i 

1 

Q 

1 

J_ 

i 

n 

1 

t 

1 

1 

1 
i 

1 

Moray  FiBTH 
—ccrJtinutd. 

S**tlon  VI. 

Aug.  25,     . 
Oct  23,      . 
Nov.  26,     . 

82 
60 
2 

84 

4 
2 

6. 

• 

136 
16 
23 

174 

— 

— 

i 

2 
3 

172 
68 
27 

I 

l\ 

* 

41 

42 
17 

1 
6 

1 

1 

3 

216 
94 
28 

267 

1 

17 

41 

69 

8 

4 

888 

StaUon  VII. 

Auj;.  25,     . 
Oct.  23,      . 
Nov.  26,      . 

2 
2 

4 

1 

6 

7 

80 
276 
208 

664 

10 
42 
50 

102 

• 

93 
826 

258 

9 

1 
1 

6 
124 
74 

7 

60 
14 
4 

64 
146 
79 

1 

1 
3 
6 

159 
476 
342 

677 

11 

203 

7 

68 

289 

1 

9 

976 

Station  VIII. 

Aug.  26,     . 
Oct  24, 
Nov.  26,      . 

1 

w 

1 

8 
4 
8 

16 

9 

8 

17 

62 
61 
73 

57 
34 
75 

1 

138 
97 
161 

1 
1 

49 
223 
34 

7 
1 

21 
6 
12 

78 
286 

48 

4 
16 

4 

210 
848 
203 

176    166 

376 

2 

306 

15 

38 

861 

24 

761 

Station  IX. 

Aug.  25,     . 
Oct  24, 
Nov.  26,      . 

1 
1 

1 

3 

1 
I 

2 

1 
1 

2 

79 
80 
92 

251 

76 
44 

9 

128 

• 

— 

— 

167 
127 
102 

386 

i 

1 

57 

8 

66 

2 

9 
10 
11 

9 

69 
20 

1 
1 

8 

1 
4 

170 
197 
127 

2 

80 

98 

2 

8 

494 

StaUon  X. 

Aug.  26,     . 
Oct  24,      . 
Nov.  27,      . 

1 

8 
9 

1 

10 

6 
16 
12 

B2 

10 
95 
92 

8 
4 
22 

84 

1 

1 

26 
120 
128 

1 
1 

2 

6 
34 
81 

10 
2 
1 

11 

133 

9 

27 
170 
93 

1 
1 

4 

2 

2 
6 

66 
293 
231 

274 

4 

120 

18 

153 

290 

6 

10 

680 

Station  XI. 

Oct  16,      . 

7 

7 

117 

• 

1, 

132 

6 

81 

86 

1 

2 

221 

Station  XII. 

Oct  15,      . 

6 

6 

• 

99 

2 

• 

• 

112 

1 

78 

79 

2 

193 

Station  XIII. 

Oct.  14,      . 

6 

. 

, 

, 

. 

. 

5 

8 

16 

14 

88 

• 

6 

44 

• 

. 

• 

■ 

• 

• 

• 
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TABLE  A.— SuowiNo  Summary  op  Fish  takrn  by  the  'Garland'  in  Trawling 
Operations  in  \^^^— continued. 


station  and 
Dttlc. 

Flat-Ftoh. 

Uound^'lBh. 

1 

i 
1 

^ 

1 

1 

Witch  Soles. 

Common 
Dabs. 

o 

1 

1 

t 

1 

n 

j 

1 

MoHAT  Firth 
— continued . 

Station  XIV. 

Oct.  14,       . 

2 

3 

35 

1 

8 

• 

48 

1 

• 

• 

80 

81 

2 

1 

77 

Station  XV. 

1 
1 

Oct  14,      . 

1 

15 

1 

169 

86 

• 

• 

212 

5 

82 

87 

2 

• 

251 

StoUon  XVI. 

Oct.  14,      . 

1 

15 

1 

109 

37 

1C2 

• 

45 

9 

41 

95 

1 

4 

262 

Fiitrn  OF 
Clvd«~ 

•    1 

Stntiou  I. 

April  18,    . 
Nut.  2,       . 

4 

1 

14 

I 

30 
08 

28 
6 

• 

77 
111 

1 

2 

19 

1 
2 

1 
12 

4 
84 

9 
5 

98 
153 

h 

50 

2  i  98 

33 

. 

1H8 

1 

21 

3 

13 

38 

14 

246 

Station  II. 

April  13,     . 
Oct  29, 

4 

2 
17 

19 
8 

1 
72 

7 
6 

• 

*1 

• 

29 
102 

1 
2 

4 

1 

4 
18 

6 
24 

. 

1 
15 

87 
141 

4 

19 

22 

78 

12 

1 

181 

8 

4 

1 

22 

80 

16 

178 

Station  III. 

April  10,    . 
Oct. »,      . 

4 

5 

6 

19 
04 

2 

24 

8 

, 

• 

• 

50 
112 

. 

2 

2 

5 

7 

7 
9 

, 

8 
14 

68 
185 

4 

11 

118 

2  1  82 

. 

. 

. 

162 

. 

2 

2 

12 

16 

22 

208 

Station  IV. 

April  10,    . 
Oct  29,      . 

• 

6 
2 

22 
49 

• 

9 
15 

, 

• 

2 

87 

68 

• 

i 

• 

4 
28 

4 
80 

•^ 

I 
18 

42 
117 

. 

8 

71 

. 

24 

. 

2 

106 

. 

2 

. 

32 

34 

14 

159 

StaUou  V. 

April  10,    . 
Oct  30,      . 

7 

13 
16' 

. 

84 

8 

26 
4 

1 

• 

80 
28 

2 
2 

.H 

• 

3 

11 
12 

4 
7 

97 
56 

7 

29 

42 

29 

1 

• 

108 

4 

16 

• 

8 

28 

11 

11 

.» 
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TABLE  A.— Showing  Sdmmaut  op  Fish  taken  by  the  *  Garland'  in  Tuawlino 
Operations  in  189tJ — continued. 


Station  and 

Flat-Fl4h. 

Round-Fbh. 

I 

1 

. 

Date. 

1 

a 

ll 

II 

1 

1 

1 

1 

i 

i 

1 

1 
e 

S 

1 

. 

1 

i 

FiiTHOr 

Cltdb— 

wntinued. 

Station  VI. 

April  18,    . 

10 

41 

. 

84 

1 

. 

86 

2 

11 

18 

19 

45 

11 

16 

158 

Oct.  28,      . 
Station  Vll. 

• 

28 

1 

29 

1 

2 

1 

60 

64 

28 

7 

128 

10 

41 

62 

1 

1 

. 

115 

8 

13 

14 

79 

109 

89 

28 

286 

April  15,    . 

1 

2 

16 

4 

2 

25 

1 

9 

10 

1 

8 

89 

Oct.  30,      . 

• 

8 

1 

4 

• 

8 

• 

• 

17 

17 

18 

10 

58 

1 

ft 

17 

8 

2 

• 

. 

• 

38 

• 

1 

26 

27 

19 

18 

02 

Station  YIII. 

Aprillft,     . 

179 

11 

7 

197 

1 

4 

6 

84 

45 

2 

18 

257 

Oct.  81,      . 
SUtion  IX. 

• 

. 

82 

• 

• 

32 

• 

18 

18 

2 

18 

65 

. 

211 

11 

7 

229 

1 

4 

6 

52 

63 

4 

26 

822 

April  U,     . 

1 

2 

148 

7 

18 

166 

4 

20 

24 

2 

8 

200 

Oct.  31,      . 

• 

17 

• 

17 

• 

• 

28 

28 

• 

5 

50 

1 

2 

160 

7 

18 

183 

4 

48 

52 

2 

13 

250 

Station  X.^ 

1 

April  14.     . 

2 

1 

97 

10 

17 

2 

129 

28 

10 

54 

92 

10 

9 

1    240 

Oct.  iS,      . 

1 

1 

4 

1 

7 

9 

3 

88 

100 

16 

96 

219 

2 

2 

98 

14 

17 

3 

I.S6 

37 

13 

142 

192 

26 

105 

1     459 

Station  XI. 

April  16,    . 

1 

22 

15 

15 

88 

2 

6 

8 

27 

1     118 

Oct.  30.      . 

13 
14 

5 
6 

29 
51 

24 

11 

1 

83 

1 

16 

17 

' 

22 

i     128 

89 

56 

1 

1*6 

3 

22 

25 

1 

49 

1     241 

StoUon  Xa 

i 

April  16,    . 

4 

1 

IM 

23 

1 

1      24 

Oct.  80,      . 

8 

112 

1 

118 

2tH 

• 

• 

2 

18 

15 

4 

38 

286 

8 

• 

116 

2 

186 

• 

257 

2 

13 

15 

* 

34 

810 
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Part  IIL — Fifteeivtk  Anmud  Report 


TABLE  B.— ANALYSIS  of  the  *  GARLAND'S'  STATISTICS 
RELATING  to  the  relative  ABUNDANCE  of  FISH. 

A.  Showing  the  Average  Per  *Shot'  of  each  kind  of  Fish  taken  in  1896. 


Station. 

Fiat-Fish. 

Round-Fl«h. 

1 

i 

1 

i 

s 

|1 

1- 
^-1 

a 

1 

1 

1 

1 

t 

1 

1 

1 

H 

I.  FirtI 

k  of  Forth. 

1         f 1 

Closed  Area. 

1 

1 

I. 

2-5 

6-0 

2-5  ;  22-5 

_ 

_ 

_ 

32-5 

25-0    11  0  1    8-5 

_ 

44-5 

0-5 

13-5 

91-0 

II. 

1-6 

_ 

- 

1    2-5     6-5:   - 

- 

- 

10-5 

7-5  118-0  I    4-0 

_ 

29-5 

1-5 

3-0 

44-5 

III. 

2-0 

4-5 

1-0 

6-0 

195    »- 

- 

- 

330 

150     9-0  ;    8-5 

_ 

32-5 

2-0 

9-5 

77-0 

IV. 

2675 

0-5 

_ 

13-5 

1-0    0-5 

_ 

_ 

283-U 

1-0      - 

1-0 

_ 

2-0 

0-5 

3-0 

288-5 

V. 

1-0 

_ 

4-5 

1-5 

400     - 

- 

_ 

47-0 

8-5    52-5 

5-5 

« 

66-5 

_ 

1-0 

114-6 

VI. 

29-5 

2-5 

- 

3-5 

6-5     - 

- 

1-0 

43-0 

3-5!    50 

0-5 

_ 

9-0 

_ 

_ 

.V2-0 

VII. 

4-0 

10 

3-0 
1-21 

9-0 
5-5 

22-5    0-5 

- 

- 

40-0 

0-5 

27-0 

3-0  1    - 

30-5 

5-5 

1-5 

77-5 

Average  per  shot 

44-0 

1-9 

16-92 

014 

0-14 

69-85 

8-71 

17-5 

4-42i     - 

30^4 

1-42 

4-5 

106-42 

0fl4  8h0t8. 

Unclosed  Are*. 

1 

\aii. 

1-5 

1-0 

1-5 

6-0 

16-5, 0-5 

_ 

- 

27-0 

2-5    26-0 

5-0 

1-0 

34-5 

2-5 

20 

66  0 

IX. 

0-5 

_ 

1-0 

4-5 

12-0  1   - 

- 

- 

18-0 

0-5  1  40  0 

5-5 

- 

46-0 

_ 

0-5 

64-6 

X. 

- 

4-5 
1-83 

0-83 

3-5 

1-0  !   - 
9-83  0-16 

~ 

5-5 

6-0 1    - 

35 

- 

9-5 

1-0 

6-0 

.  21-0 

Average  per  shot 

0-66 

16-83 

3-0 

220 

4-66 

0-33 

30-0 

1-16 

2-5 

60-6 

of  6  shots. 

1 

IL  Si 

An 

(Jreics  Day. 

Closed  Area. 

' 

I. 

55 

_ 

_ 

4-0 

1-5 

~ 

_ 

11*0 

_ 

0-5 

0-5 

_ 

1-0 

0-6 

_ 

12-6 

ir. 

5-0 

_ 

- 

1-5 

1-6 

- 

- 

8-0 

0-5 

0-5 

- 

- 

1-0 

1-5 

0-5 

11-0 

III. 

6-0 

_ 

_ 

3-5 

4  0 

_ 

- 

_ 

13-5 

1-0 

2-0 

0-5 

_ 

3-5 

0-5 

0-6 

180 

IV. 

100-5 
29-25 

- 

- 

6-0 

- 

75 

- 

10 

115-0 

- 

10 

0-5 

- 

1-5 

1-0 

- 

117-6 

Av«race  jwr  shot 
of  8  shots. 

- 

375 

1-75 

187 

- 

0-25 

36-87 

0-37 

10 

0-37 

- 

1-75 

0-87 

0-26 

39-76 

Vmclosed  Area. 

V. 

3  5 

0-5 

_ 

2-0 

15-5 

- 

- 

- 

21-5 

2-5 

4-5 

1-5      - 

8-5 

0-5 

- 

30-6 

vr. 

1-5 

10 

1-0 

3-5 

12-5 

- 

- 

- 

19-5 

4-5 

23-0 

2-5      - 

30-0 

2-5 

1-5 

68-5 

Average  of  4shots. 

2-5  1 

0-75 

0  5 

2-75 

14  0 

- 

- 

- 

20-5 

3-5 

1375 

'  2-0 

- 

19-25 

1-5 

0-75 

42-0 
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TABLE  B. — Analysis  of  the  'Garland's'  Statistics  Relating  to  the  relative 
Abundance  of  Fish — contimied. 


Flat-F 


Station. 


li 


III.  Morat/  Firth. 


I. 

H. 

III. 

IV. 

V. 

VL 

VIL 

VIII. 

IX. 

X. 

XL 

XU. 

XI IL 

XIV. 

XV. 

XVL 


32-9 

7-0 

25-3 

46-3 

27-3 

28-0 

1-3 

0-3 

1-0 

3-3 

7 

6 

2 
1 
1 


1    - 

817 

0^ 

-     3  3 

0-7     77,  2571  16-3 

0-3 

-   '   - 

2-3  1    - 

17|    - 

- 

-   1   - 

-    1   - 

12  0     - 

- 

-     10 

27:   - 

21-3:    1-3 

- 

-     10 

2-0,    - 

58-0     - 

- 

-    ro 

2-3     -    ,  188-0  34-0 

_ 

_ 

6-0  '  57,   587  55-3 

_ 

0-3     - 

07  1  07    837  427 

_ 

_ 

107    657|   11-3,    - 

- 

0-3     - 

7        - 

117 

- 

- 

1 

5        - 

99 

2 

_ 

- 

5 

_ 

_ 

_ 

_ 

3 

35 

3 

- 

_ 

15       ;     1 

159 

36 

_ 

-    1    - 

''  r 

109 

37 

- 

-    '    - 

119 

6-3 

5-3 

2 

577 

_ 

4-3 

1-0 

17 

7-0 

07 

1-3 

29-3 

22 

3-3 

07 

07 

267 

3-3 

2-0 

59-3 

_ 

1-3 

47 

60 

37 

0-3 

537 

2  0 

87 

0'3 

7-0 

18-0 

1-3 

2-0 

89-0 

0-3 

67 

137 

197 

27 

1-3 

2257 

37 

677 

2-3 

22-7 

96-3 

0-3 

8-0 

125-3 

07 

1020 

5-0 

127 

120-3 

- 

8  0 

12S7 

0-3 

217 

07 

10 

32-7 

07 

27 

91-3 

1-3 

40-0 

4-3 

51-0 

967 

2-0 

3-3 

132 

_ 

5 

- 

81 

86 

1 

2 

112 

_ 

1 

_ 

78 

79 

_ 

2 

5 

3 

16 

_ 

14 

33 

- 

6 

43 

1 

_ 

_ 

30 

31 

2 

1 

•212 

- 

5 

_ 

32 

87 

2 

_ 

162 

- 

45 

' 

41 

95 

1 

4 

126 
687 
61-3 
69-3 
760 
1127 
326-3 
2537 
1647 
193-3 
221 
193 
44 
77 
261 
262 


IV.  Firth  of  Clyde. 


I. 

IL 

III. 

IV. 

V. 

VI. 

VII. 

VIIL 

IX. 

X. 

XL 

XIL 


2-5 

25-0 

10 

49  0 

16-5 

2-0 

9-5 

n 

36-5 

6 

2 

5-5 

56-5 

10 

16 

_ 

4 

35-5 

_ 

12 

3-5 

14-5 

_ 

21 

H-5 

5 

20-5 

_ 

31 

0-5 

0-5 

2-5 

8-5 

4 

10 

_ 

_ 

105-5 

6-5 

3-5 

0-5 

10 

80 

3  5 

6-5 

1-0 

1-0 

49 

7-0 

8-5 

7-0 

2-5 

25-5 

19-5 

28 

1-5 

- 

58 

10 

68 

I     I 


-  0-5 

-  0-5 

:  I : 


94 

- 

65-5 

_ 

81 

1 

52-5 

_ 

54 

_ 

57-5 

- 

16-5 

_ 

114-5 

_ 

91-5 

1-5 

68 

05 

83 

- 

128-5 

0-5 


10-5 

1.5 

2 

0-5 

1 

1 

1 

_ 

8 

_ 

'     6-5 

70 

0-5 
2    I 

18-5 


3 

2 

6-5 

1-5 

10 


6  6 

19 

3 

7 

11 

15 

0-5 

8 

6 

8 

1-5 

11 

16 

17 

3 

7 

15 

11-5 

6.5 

5-6 

39-5 

54-5 

19-5 

11-6 

13 

13-5 

9-5 

6-5 

26 

31-5 

2-C 

13 

24 

26 

1-0 

6-6 

71 

96 

130 

62-6 

11 

12-5 

0-5 

24-6 

6-5 

7-5 

2-0 

17 

123 

89 
101-5 

79-6 

76-5 

143 
46 

161 

126 

229-6 

120-6 

155 
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Part  III. — Fifteenth  Annuat  Report 


B.  Showing  the  Monthly  Avbragb  Per  *Shot'  of  each  kind 
OF  Fisu  taken  in  1896. 


Flat-Fisli. 


Round- Fish. 


Date. 


%2. 


I.  Firth  of  Forth, 


ClMed 
Area. 

Jan. 
Feb. 


I'Heloftcd 
Area. 


Jan. 
Feb. 


43  0 
ifiO 


1-0 
0-3 


2-3 

1-3 


2C 
43 


3-5   13-5 
7-4   20-2 


5-3 
14-3 


0-2 

63-2 

8-1 

0-2 

76-4 

9-2 

12-0 

2-0 

0-3 

- 

- 

21-0 

40 

10-5 

20 

20-7 

1-7 

3-5 

24-4 

6-8 

40-5 

M 

5-4 

18-0 

2-3 

22-3 

10 

2-3 

26  0 

7-0 

0-6 

37-6 

1-3 

2-6 

89-2 
119-2 


87-6 
3-3 


II.   St  Andrews  Day. 


Closed 
Area. 

Jan. 
Fob. 


Ilnclosed 
Area. 

Jan. 
Feb.     i 


24  0 

3  0 

2-0 

1-5 

0-2,') 

30-75 

0-5 

i-7n 

34-5 

4-5 

If, 

2-2r, 

0-25 

43-0 

0-25 

0-25 

2f. 

10 

or, 

120 

1 

-  1  - 

160 

70 

1.V.5 

2-5 

1-5 

- 

5-0 

16-0 

- 

- 

- 

25  0 

120 

2-.'5 
1-5  I 


30 

0-5 


25-0 
13-5 


10 


0-5 


350 
44-5 


440 
40-0 
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TABLE  C. — Record  op  Observations  made  on  Board  the  'Garland'  during  1896. 
A.  FISH  CAUGHT— I.  Fieth  of  Foktu. 


station. 
Date,  and 
Time 
Trawl 
down. 

Kind  of  Flsh. 

Size  nr  Ikchks. 

Total. 

4 

+ 

ft 

+ 

6 

+ 

7 
+ 

8 

+ 

9 

+ 

10 

+ 

11 

+ 

12 

+ 

18 

+ 

14 

+ 

16 

+ 

16 

+ 

17 

+ 

18 

+ 

19 

+ 

20 

+ 

21 

+ 

28 

+ 

2.5 

+ 

StatioaL 

1896. 
Jan.  34. 
1|  hours. 

Feb.  14. 
2  hours. 

8«BtiMlIL 

18»6. 
Jan.  24. 
1/,  hours. 

FcbM. 
■tetion 

nz. 

Jan.  30. 
a,^  hoars. 

Lemon  soles. 
Common  dabs,   . 
Long  rough  dabs. 
Haddocks,  . 
Cod,    .       .        . 
Whlthigs.  . 
Angler  flsh . 
Catflsh,       .        . 

Thomback  skate. 
Plaice,        .       . 
Lemon  soles. 

Long  rough  dabs, 
Haddocks,  . 
Cod,    .        .        . 
Whitings,  . 
Angler  flsh, 
Catflsh,      . 

Thomback  skate, 
Plaice, 

Common  dabs,   . 
Long  rough  dabs. 
Cod,    . 
Catfish,       . 

Starry  ray. 
Plaice,        .        . 
Common  dab",   . 
Long  rough  dabs, 
Haddocks,  . 

WhiWgs,   !        ! 
Angler  flsh. 
Catfish.       . 

Thomback  skate, 
Plaice, 

Common  dabs,    . 
Lemon  soles. 
Witch  soles. 
Long  rough  dabs. 
Haddocks,  . 

Whitings,   . 
Angler  flsh. 
Catfish,      . 
Herring,     . 
Sprats,        .        . 

2 

ft 

I 
S 

1 
4 

1 

I 

1 

2 
8 

• 
2 

! 

•  * 

'2 
'4 

2 

8 
6 

• 

• 

11 

1 
1 

'2 

1 

1 

1 

2 

'7 
1 

1 

1 

2 
2 
2 

• 

2 
7 

2 
2 

1 

? 
1 

1 

*1 

1 
2 

1 
1 

4 

'2 

*6 

1 
1 

"2 

1 
1 

1 

I 

1 

1 
1 

8 

1 
8 

1 
8 

'2* 
lit 

115 

11' 

It 

Ut 

8 
8 

22 
4 

24 
3 
8 

11 

78 

1 

a 
7 
2 

23 
18 
26 
14 
1 
12 

109 

1 

1 

8 

11 

({ 

1 

28 

2 

1 
2 
2 
2 
36 
9 
8 
8 
1 

66 

2 

1 
8 
4 
1 

12 
6 

18 
3 
1 
1 
4 
1 

66 

' 

1 

*  One  28  inches,  one  30  inches.  f  One  27  inches,  two  28  Inches,  three  81  Inches,  four  34  Inches,  and  one  over  40  Inches. 

X  38  inches.  I  Four  28  Inches,  three  32  incheN,  three  34  Inches,  and  one  over  40  Inches.  H  26  Inches.  K  29  faiches. 

**  Two  28  Inches,  one  81  inches.  ft  One  81  inches.  tt  Two  80  inches,  one  86  inches.  ||  29  Inches. 
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TABLE  C. — Record  of  Observations  made  on  Board  the  'Garland'  during  1896. 
A.  FISH  CAUGHT— I.  Fieth  of  YoKiR—eonHnued. 


station, 

SiZB  IN  ImCHXS. 

Date,  and 
Time 

Kind  of  Fish. 

Total. 

1 

Trawl 

4 

ft 

6 

7 

8 

9 

10 

11 

12 

18 

14 

1ft 

16 

17 

18 

19 

20 

21 

28 

2ft 

down. 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

1896. 

Feb.  18. 

Grey  skate. 

, 

8  hours. 

Thomback  skate. 
Plaice, 
Lemon  soles, 
Common  dabs,    . 
Witch  soles , 
Lonff  rough  dabs, 
Haddocks,  . 

i 

'2 

4 

2 

*8 

2 
'2 

* 

1 

1 

27 

2 

18 

Cod,    . 

, 

1 

1 

1 

8* 

12 

Whitings,  . 

2 

. 

•1 

• 

14 

Angler  flsh, 

. 

1 

1 

«t 

Catfish,      . 

. 

. 

n 

Hake, . 

IS 

Herring,     . 

8 

98 

m^^^ 

Btation 

IV. 

1896. 

Jan.  2L 

Starry  ray;. 

, 

1 

. 

1 

8^  hours. 

Plaice,        . 
Common  dabs,    . 
Cod,    .       .       . 
Whitings,  . 

'2 

'2 

*2 
1 

1 
2 

1 

11 

2 

105 

26 

41 
1 

2 

ft 

8 

S49 
12 

1 
I 

Feb.  20. 

Angler  flsh, 
Plaice,        .        . 

I 

91 

79 

6ft 

49 

1 

26ft 

286 

3^  hours. 

Lemon  soles, 
Flounders, . 
Common  dabs,  . 

1 
1 

2 

2 

1ft 

Long  rough  dabs. 

2 

2 

Cod,    .        .       . 
Whitings,   . 

1 

! 

1 

1 
I 

Angler  flsh, 

4 

Btation  V. 

Father-lasher,    . 

i 

1 

812 

1896. 

Jan.  30. 

Plaice,        .       . 

. 

1 

1 

IH  hours. 

Witcb  soles. 
Long  rough  dabs. 
Haddocks,  . 
Cod,   .        .        . 
Whitings,  .        . 

1 
'2 

8 

6 

'2 

18 
2 

11 

4 

1 

2 

8 

i 

1 

1 
6 
81 
23 
ft 
8 

70 

■^^^ 

Feb.  19. 

Plaice,        .        . 

, 

, 

1 

1 

l\q  hours 

Common  dabs, 
Witch  soles, 
Long  rough  dabs. 
Haddocks,  . 
Cod.    .        .        . 
Whitings,   . 
Dory, . 
Catfish,       . 

1 

■9 

1 

8 

17 

7 

1 

1*1 
SO 

14 

2 

'4 

4 

1 

'2 

1 

"1 
i 

'2 

'4 

ill 

2 

8 

49 

62 

12 

8 

1 

1 

159 

Station 

VI. 

1896. 

Jan.  80 

Plaice, 

, 

*6 

29 

9 

8 

47 

{q  hour. 

Lemon  soles, 
Common  dabs,    . 
Bi-lll,  . 
Haddocks,  . 
Cod,    .        .        . 

i 

1 

1 

1 
1 

i 

*i 
i 

S 
8 
3 

1 
2 

57 

*  One  34  inches. 


t  One  88  inches,  one  over  40  inches 


X  84  and  87  inches. 


f  Oyer  40  inches. 


I  28  inches. 
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TABLE  C. — ^tUcoRD  op  Obsbrvations  madb  on  BoAUd  tHtt  'GarlanIj*  durino  1896. 
A.  PISH  OAtJtSHt— 1.  PiRTH  OF  IPoYLTU—coifdinued. 


station, 

D«ta,aiid 

Time 

Trawl 

dowti. 

Kind  of  Fish 

SiZB  Df  IHGHM. 

rotei. 

4 

+ 

5 

+ 

6 

+ 

7 

+ 

8 

+ 

9 

+ 

10 

+ 

11 

+ 

12 

+ 

18 

+ 

14 

+ 

16 

+ 

16 

+ 

17 

+ 

18 

19 

+ 

20 

+ 

21 

+ 

28 

+ 

26 

+ 

189«. 
¥€b.  19. 
A  Hour. 

Statim 

Tn. 

189«. 
Jan.  80. 
I A  hours 

Feb.  19. 
IH  hours. 

Statlim 
Till. 

1896. 
Jan.  39. 
IHhoon. 

Feb.  18. 
2  h<mrs. 

Plaice,        .        . 
Lemon  soles. 
Common  dabs,   . 
Long  rough  dabs. 
Haddocks,  .        . 

Whilngs,   '. 

Grey  skate. 
Starry  ray, . 
Plaice, 
Lemon  soles. 
Common  dabs,   . 
Witch  soles, 

c^^""^' ; 

Whltlnjrs,   . 
Angler  fish . 
Herring 

Thomback  skate, 
Starry  riy, . 
Plaice, 
Lemon  soles. 
Witch  soles, 
Common  dabs,    . 
Flounders, . 
Long  rough  dabs, 

Saltings,'  ! 
Butter  fish . 

Thomback  skate. 
Starry  ray, . 
Plaice,        .       . 
Lemon  soles. 
Common  dabs,    . 
Witch  soles, 
Lo^g^ghdabs. 

Cod,  7^ .     . 

Whitings,   . 
Angler  flsh, 

Grey  skAte, 
Thomback  skate, 

%^zr\  : 

Lemon  soles, 

Witch  soles,       . 
Sail-flukes, . 
Flounders,  . 
Long  rough  dabs, 
Haddocks,  .      . 
Cod,    .       .        . 
Whitings,  . 
Gurnards,  . 

1 

1 
1 

6 

i 

2 

1 
9 

li 

'. 

12 

8 
2 

10 
19 

2 
2 
8 

1 

2 

n 

14 

2 

1 
1 

4 
1 

8 

1 
2 

i 

ft 

1 

1 

1 

*6 
2 

2 

1 
1 

*2 

1 

2 

1 
1 

1 
1 

2 

4 

* 

4 

1 

1 

2 
8 

2 
1 

*2 

i 

1 
1 

8 

1 
1 

1 

2 
1 

1 

4 

1 

1 
1 

'l 

* 
1 

• 

• 

1 

12 
2 

i! 

9 
6 

1 

47 

19 
41 

81 

17 

26 
18 

74 

1 
1 
2 
1 
6 
1 
10 

I 

2 
2 

87 

1 
1 

1 
1 
1 
7 
t 
2 
1 

3 

8 
2 

96 
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TABLE  C. — Record  op  Obbbrvations  mads  on  Board  tm  'Garland'  dciring  1896. 
A.  FISH  CAUGHT— I.  Firth  of  Forth— «m/i»M«i. 


Btation 
IX. 

1896. 
Jan.  29. 
\W  hoars. 


Feb.  18. 
8  hoart. 


StatimLX 

189«.  • 
Jan.  26. 
A  hour. 


Feb.  12. 
f  hoar. 


Plaice, 

Common  dabs,    . 
Long  rough  dabs, 
Witch  soles, 
Haddocks,  . 
Whitings,  . 
Catfish,       . 

Witch  soles, 
Long  rough  dabs. 
Haddocks,  . 
Cod,    .        .        . 
Whitings,  . 

Thomback  skate, 
Lemon  soles, 
Long  rough  dabs. 
Cod,    . 
Herring,     . 
Father-lasher,    . 

Thomback  skate. 
Lemon  soles. 
Cod,    . 
Whitings,   . 
Pogge, 

Liparis  tulgarit, 
Fatiier-lasher,    . 

1 
I 

1 
2 

S 

1 

*s 

18 
1 

1 
2 

•2 

1 

i 

8 

4 

i 

z 
1 

i 

3 

1 

2 

*8 
9 

8 

30 

i 
1 

i 

• 

7 

i 

2 
2 

1 

1 

1 

1 
1 

2 
1 

1 
1 

1 
1 

1 
1 

i 

2 

1 
1 

's 
1 

i 
1 

2 

l* 
1 

II.  St  Andrbws  Bat. 


BtatiMiL 

1896. 

Jan.  14. 

2f4  hours. 


Feb.  6. 
2  hours. 


1896. 
Jan.  17. 
2  hours. 


Common  dabs,    . 
Long  rough  dabs. 
Haddocks,  . 
Whitings,    . 

2 

1 
1 

2 

1 
1 

I 
1 

1 

• 

1 

1 

1 
1 

ft 

8 

• 

. 

1 

• 

i 

• 

1 

1 

7 

Plaice, 
Starry  ray, 
Common  dabs,    . 
Long  rough  dabs, 

11 

1 
5 

1 

18 

. 

■" 

Starry  ray. 
Long  rough  dabs, 
Haddocks,  . 
Herring.      .        . 

• 

l   ,    '. 

1 

1 

1 

1 

1 

• 

• 

• 

! 

• 

■ 

1 

1 

1 

. 

*  29  Inches. 


t  8  inches. 
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TABLE  C. — Record  op  Obskrvations  made  on  Board  the  'Garland'  during  1896. 
A.  PISH  CAUGHT— II.  St  Andrews  ^JCi—wrUinued. 


station. 
Date,  and 
Time 
Trawl 
down. 

Kind  of  Fish. 

Siza  ZN  Imchxs. 

Total. 

4 
+ 

6 

+ 

7 

+ 

8 

+ 

9 

10 

+ 

11 

12 

+ 

18 

+ 

14 

+ 

16 

+ 

16 

+ 

1 
17 

+ 

18 

+ 

19 

+ 

20 

+ 

21 

+ 

28 

+ 

26 

+ 

1896. 

Feb.  7. 

If  hours. 

Station 
III. 

1896. 
Jan.  17. 
l^houra. 

Feb.  7. 
l^lwure. 

Station 
IV. 

1896. 
Jan.  14. 
2A  hours. 

Feb.  6. 
pAhoniB. 

StetumV. 

1896. 
Jan.  14. 
9  boors. 

Feb-  «. 
2bonr8. 

PUice,        .        . 
Common  dabs,    . 
Long  rongh  dabs, 
Cod,    . 

Plaice, 

Long  rough  dabs. 
Haddocks,  . 
Cod,    .        .        . 
Whi^ga,   . 
Herring,     . 

Starry  ray, . 
Plalci,        .        . 
Common  dabs,    . 
Long  rough  dabs. 
Haddocks,  . 

Plaice, 

Common  dabs,    . 
Flounders,  . 
Brill,  . 
Haddocks, . 
Whitings,  . 

Thomback  skate, 
Plaice, 

Common  dabs,    . 
Flounders,  . 
Brill,  .       .        . 

Starry  ray, . 
Plaici,        .       . 
Common  dabs,   , 
Long  rough  dabs, 
Haddocks, . 
Cod.    .        .        . 
Whitings,  . 

Plaice, 
Lemon  soles, 

Long  rough  dabs. 

Whitings,*  : 

1 
9 

1 

i 
's 

2 
*5 

'i 
1 

5 

i 

1 

i 
i 

'2 

8 

1 

l 
1 

2 

1 
1 

I 

14 

6 
2 

i 
i 

88 

1 
4 

i 

8 

i 
\ 

6*1 

1 
1 

2 

i 

20 

i 
1 

li 

8 

1 
ft 

26 
1 
1 

29 
4 

6 
1 

'e 

20 

1 

2 
6 

1 

1 

1 

2 

's 

16 

i 
1 

2 

1 

6 
1 

1 

1 
1 

; 

2 
1 

i 

8 

i 

. 

2 

1 

1 

i 

1 

10 
3 
2 

1 

16 

1 
6 
8 
2 

1 
1 

13 

1 

U 
7 
3 

1 

23 

96 
9 
6 
1 
2 
1 

114 

2 

166 
3 
9 

1 

181 

16 
2 

35 

4 

1 
3 
16 
1 

1 

26 
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TABLE  C. — Rboord  of  Obsbryations  madb  on  Boabd  ths  *  Garland'  during  1896. 
A.  FISH  OAUGHT— II.  St  Andrkws  BM^Y—cmUinued. 


station, 

Date,  and 

Time 

Trawl 

down. 


Kind  of  fish. 


6       7 

+     + 


Btetlon 
VI 

Jan.  17. 
IH  houra. 


Orey  skate, 
Plaice, 


Witch  soles, 
Lon£  rough  dabs, 
Haddocks,  . 
Cod,    .        .        . 
Whitings,    . 
Ling,  .        .        . 


Feb.  & 
\W  houra 


Starry  ray, . 
FUice, 
Lemon  soles. 
Common  daht,  . 
Sail  flakes, . 
Long  roogh  dabs. 
Haddocks,  . 
Whitings,   . 
Anglers,     . 


III.    MORAT  FlBTH. 


StatimZ. 

1896.     ' 
Ang.«6. 
S  hours. 

Thomback  s^te. 
Plaice, 
Lemon  soles. 

Long  rongh  dabs, 

Gomards,  '. 

*4 

29 

7 

81 

1 

24 

81 
2 

10 

2 

1 

4 

r 

1 

9 

4 

8 

\ 

.  : 

1 

1 

1* 
It 

.8 
34 
1 
181 
1 
1 
18 

Oct,  16. 
2  hoars. 

Thomback  akate, 
Plaice, 
Lemon  soles. 
Common  dabs,    . 
Bxill,  . 
Gomards,  . 

. 

16 

80 

16 

21 

18 

4 
\ 

4 

1 

*4 

1 

3 

lb 

2 

14 

5 

6 

1 
1 

z 

1 

Nov.  27. 
2t4  hoart . 

Btatioai;. 

Thomback  skate. 
Plaice, 
Lemon  soles. 
Common  dabs,   . 
BriU,  .        .        . 

6 

2 

1 
1 

.  i 

2 

1 
1 

1 

1 

2 

8 
2 

i 

• 

- 

1896. 
Aug.  31. 
2  hoars. 

Plaice,        .        . 
Common  dabs,   . 
Witch  soles, 
Floanders,  . 
Long  rough  dabs, 
Haddockjs  . 
Whitings,   . 
Gamards,  . 

1 

2 

8 

i 

2 

1 

8 

8 

1 
1 

1 
i 

8 
6 

8 
8 

2 

1 

. 

i 

. 

. 

1 

^ 

*  26  inches. 


2<tnchea. 
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Table   C. — record   of   ObSBBYATIONS   MAD0  ON   BOABD   TSK    *  GaBLAND  '   DDBINO    1896. 
A.  PISH  OAUOHT— m.  HoRAT  Fibth— etm^t^. 


station, 

Size  in  Inches. 

Date,  and 

Tline 

Ktndof,Flah. 

1        1 

"  Total. 

Trawl 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

28 

n 

down. 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

18M. 

Oct  IC 

Tfaomback  skate, 

2 

2 

2  hoar*. 

Plaice,.       .       . 
Lemon  soles. 
Common  dabs,    . 
Witch  soles, 
Long  rough  dabs, 

OurniEinls, 

i 

6 

1*6 

i 

17 
Z 

2 
8 
7 

6 
2 

1 

i 

9 
1 
47 
12 
17 
8 
1 

92 

Nov.  28. 

Plaice,        .        . 

8 

1  boor 

Lemon  soles, 

, 

. 

1 

Umln. 

Common  dabs,    . 
Witch  soles. 

1 

7 

0 

2 

i 

24 

6 

Long  rough  dabs, 
Haddo£^  .       . 

• 

4 

1 

17 

4 

Station 

Gurnards,  . 

1 

■ 

2 

57 

m. 

1886. 

Aug.  22. 

PUice, 

, 

8 

2 

4 

1 

22 

li^honrt. 

Lemon  soles, 
Haddocks,  . 
Cod,    .        .        . 

6 

2 

1 

i 

i 

8 

i 

1 

4 
2 
14 

Oct.  20. 

Anglers,     . 
Thomback  skaite. 

1 

1 

^ 

1 

2 

1 

1 

1 

1 

1 

43 

8 

It^  boors. 

Grey  skate. 
Plaice, 

Haddocks,  . 
Cod,    . 
Whltinp,  . 
Oamards,  . 

2 

2 

i 

2 

1 

i 

2 

i 

2 

• 

• 
• 

2 
25 
4 
2 
6 
2 
2 

Not.  24. 

Angler?,     . 
Plaice,        .       . 

8 

7 

1 

1 

51 

29 

li  hours. 

Lemon  soles, 

. 

• 

3 

1 

Haddocks,  .    '   . 

.        .    I 

2 

1 

6 

Cod.    .        .       . 

2 

« 

8 

2 

I* 

47 

Ung,  .        .        . 

1 

Anglers,     . 

It 

8 

90 

^■■M* 

"T 

IW. 

Aoir.  24. 

Thomback  skate. 

1 

1 

1«  hours. 

Plaice,        . 
Common  dabs,    . 
Haddocks.  . 
Gurnards,  . 

i 

i 

1 

1 

8 

2 
2 

1 

6 

i 

2 

8 

13 

12 

$ 

14 

• 

43 

Oct  28. 

Thomback  skate. 

1 

1 

2 

1 

9 

2  hours. 

Plaice, 

Common  dabs,    . 
Brill,  . 
HaddockB,  . 

1 
1 

1 
0 

8 
8 

4 
8 

16 

1 

10 
2 

ifi 

1*0 

17 

• 

2 

8 

1 

n 

84 

20 

2 

, 

1 

1 

Anglers,      . 

1 

117 

'  86|nc^.ea. 


t  36  inches. 


%  One  26  Inches,  ons  27  Inches. 
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TABLE  C. — Rboord  of  Observations  made  on  Board  the  'Garland'  during  1896. 
A.  FISH  CAUGHT— III.  Moray  YiBm—eorUinued, 


station. 

Size  or  Inghss. 

Date,  and 
lime 

Kind  of  Fish. 

Total 

Trawl 

4 

6 

6 

7 

8 

9 

10 

11 

13 

18 

14 

16 

16 

17 

18 

19 

30 

31  ,  38 

36 

down. 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+  1  + 

+ 

1896 

1 

Not.  ib. 

Thomback  skate, 

. 

1 

. 

1 

8  hours. 

Plaice, 

Common  dabs,   . 
Brill,  . 

. 

• 

i 

1 

8 

1 

8 

1 

8 

4 
1 

6 

6 

8 

i 

8 

I 

• 

43 

4 
1 

48 

■■■^B 

Station  V. 

1896. 

Ang.  34. 

Thombock  skate, 

. 

, 

1. 

1 

1]  honrs. 

Plaice, 
Lemon  soles. 

Haddocks,  . 
Cod,    .        .       . 

8 

10 

1 

1 

•i 

• 

1 

1 

1 
1 

1 

• 

6 
8 
19 
6 

1 

Oct.S8. 

Whitings,  . 
Oumaras,  . 

Thomback  skate, 

i 

li 

• 

i 

• 

1 

[ 

I 
30 

66 

8 

1|  hours. 

Plsice, 

Brill,  . 
Haddocks,  . 
Cod,    . 
Onmards,  . 
Anglers,     . 

1 

8 

6 
6 

4k 

11 

11 

16 

3 

7 
l 

3 
1 

1 

1 

8 

1 

8 

1» 

66 

16 

3 

3 

I 
1 
1 

90 

NoY.  36. 

Plaice, 

3 

3 

1 

I 

1 

I 

13 

1  hour 

Lemon  soles, 

1 

1 

6 

50  minutes 

Common  dabs,   . 
Long  rough  dabs, 
BrlU,  .        .        . 
Haddock^  .        . 

3 

1*4 
8 

3 

V 

V 

i 

80 

4 

1 

18 

Cod,    . 

,      . 

1 

3 

, 

11 

4 

Station 

Anglers,     . 

3 

1 

n 

5 

79 

▼L 

1896. 

Aug,  36. 

Thomback  skate, 

, 

1 

i. 

. 

1 

ly\  hours. 

Plaice, 
Lemon  soles, 
Common  dabs,    . 
Haddocks,  . 
Qnmards,  . 

3 

1*9 

4*8 

1 

1 

40 

e 

4 
23 
10 

6 
3 
9 

10 

1 

i 

6 

7 

i 

8 

^ 

83 

4 
186 

1 
41 

Oct.  33. 

Anglers, 
Thomback  skate. 

1 

1 
1 

1 

1 

1 

1 

1 

316 

6 

1|  hours. 

Ptalce, 

7 

13 

10 

6 

4 

1 

1 

1 

31 

60 

Lemon  soles. 

1 

3 

1 

6 

3 

16 

Brill,  . 

1 

1 

Haddocks,  . 

. 

3 

4 

3 

6 

1 

16 

Cod,    . 

1 

1 

Anglers,     . 

•  . 

1 

1 

•  « 

Nov.  36. 

Buttcr-flsh, 
Thomback  skate, 

1 

I 

1 

94 

1 

If  hours. 

PUiice, 

Common  dabs,    . 
Brill,  . 

4 

10 

l 

6 

I 
3 

1 

1 

• 

I 
1 

• 

• 

• 

3 
28 

38 

- 

36  inches. 


t  84  inches. 


X  One  'i»  inches. 


i  One  36  inchea,  one  37  inches,  one  98  Inobes. 


I  37  Inches. 
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TABLE  C. — ^Rboom)  op  Obsbryations  mads  on  Boabd  ths  'Garland'  durino  1896. 
A.  FISH  CAUGHT— III.  Moray  Fikth— con^nued. 


StatSon 

Date,uid 

Ttine 

Trawl 

down. 

Kind  of  Fish. 

SKB  IV  IHCHM. 

TotaL 

4 
+ 

5 

+ 

6 

+ 

7 

+ 

8 

+ 

9 

+ 

10 

+ 

11 

+ 

13 

+ 

18 

+ 

14 

+ 

15 

+ 

16 

+ 

17 

+ 

18 

+ 

19 

+ 

30 

+ 

31 

+ 

28 

+ 

35 

+ 

StetiM 
▼n. 

1898. 
Aug.  85. 
11  hours. 

Oct  SS. 
9  boors. 

Not.  26. 

Ibonr 

M  minutes 

Statian 
▼m. 

1696. 
Ang.U. 
IHlMrarsw 

Aiig.S6. 
itumr. 

Oct.  34. 
119  hours. 

&^\    : 

Lemoo  soles, 
Common  dabs,    . 
Sail  flukes,.        . 

Gnmards,  . 

Plaice. 
Lemon  soles, 
Common  dabs,   . 
Longrojghdab^ 

Cod,\^.       . 
Whitings,  . 
Gnmards,  . 
Hake, . 

Common  dabs,   . 
SaU  flukes,.        . 
Long^ghdabs, 

Cod.    .       .       . 
Gurnards,  . 
Anglers,     . 

Ptaice, 
L«mon  soles. 

Witch  soles. 
Sail  flukes, . 
Long  rough  dabs, 
Turbot, 

Haddocks,  .       . 
Cod,    .       .       . 
Whitings,  .       . 
Gnmards,  . 

^ST-  :    : 

Shrimp  Trawl. 

Lemon  soles,      . 
Common  dabs,   . 
Witch  soles. 
Sail  flukes, . 

Whitings,   . 
Gnmards,  . 
Brassie,      .        . 
Anglers,     .        . 
Hake, . 

e 

5 

18 
85 

i 

51 

4 

92 
34 

i 

81 

i 

6 

8 
109 
31 

65 
87 

34 
87 

i 

8 

90 

81 
6 

108 
17 

11 
15 

• 

• 

8 

i 

• 

3 
8 

58 

4 

1 

33 

13 

1 

i 

33 

i 

3 
7 

40 

1 
1 

83 
1 

. 

8 
4 

1 

' 

4 

95 
5 

3 

24 

1 
38 

115 

i 
i 

5 
3 

1 

6 

1 

z 

3 

8 
'3 

1 
4 

1 
*3 

i 

1 
1 

3 

1 

'3 
8 

; 

i 

1 
1 

i 

• 

• 

'3* 
It 

u 
1 

80 
10 

i 

159 

3 

<; 

376 
43 
134 
1 
7 
14 
8 

475 

308 

1 

50 

'\ 

4 
4 

843 

1 
8 

53 
9 
1 

57 
1 

49 
1 
7 

81 
3 
1 

810 

311 
1 

4 

4 

51 
8 
3 

84 
828 
7 
5 
6 
8 
6 

848 

•  43  Inches. 


t  37  inches. 


t  36lxicbes. 


N  8  inches. 


f  One  81  Inches,  one  85  inches. 


Digitized  by 


Google 


42  Part  III, — Fifteenth  Anntud  B^ort 

TABLE  0.— RkOQHP  of  0BSJERVi.TU>{f8  MADS  ON  BOASD  TBB  '  GaRLAI^ D  '   DUBINQ   1896. 
A.  FISH  CAUGHT— III.  Morat  fiKm—eon^ued. 


station, 

Date,  and 

Time 

Trawl 

down. 

Kind  of  Fish. 

Sum  IX  IwoHXs. 

Total. 

4 
+ 

+ 

6 

+ 

7 

8 

+ 

9 

19 

+ 

11 

+ 

12 

+ 

18 

+ 

14 

16 

+ 

16 

17 

+ 

18 

+ 

19 

+ 

20 

+ 

21 

28 

+ 

28 

18»e. 
Not.  26. 
1)9  hours. 

Bt^n 

1896. 
Aug.  2«. 
If  hours. 

Oct.  24. 
IJ)  hours. 

Nov.  J6. 
1|J  hours. 

StetiimX 

1896. 
Aug.  26. 
2  hours. 

Lemon  soles, 
Common  dabs,  . 
Long  rough  dabs. 
Haddocks,.        . 

Cod, 

Whitings,  . 
Gurnards,  .     .   . 
Brassie,      . 
Hake,. 
Angierf,     . 

Starry  i«y,.    .  . 
Plaice,     .  . 
Lemon  soles. 

Witch  soles,    . 
SaU  flukes,. 
Long  rough  dabs. 
Gurnards,  . 
Hake, . 

Plaice,        ... 
Lemon  soles. 
Common  dabs,    . 
Witch  soles, 

Haddocks,  . 
Whitings,  . 
Gurnards,  . 
Anglers,     . 

Plaice,        .    .    . 
Common  da|>s,   • 
Long  rough  daJDs, 
Haddocks, . 
Gurnards,  . 
Cod,  . 
Ling,  . 
Angierf,     . 

Grey  skate, 
Plaice, 

Lemon  soles, .   . 
Common  jda2M.   . 
JSailfluJtea,.    .    . 
Long  rough  dabs. 
Haddocks,  . 
Cod,   .       .       . 
Whitings,  . 
Gurnards,  . 
Pogge, 

1 

2 
2 

• 
1 

14 
2 

18 

9 
1 

.  8 
■  % 

86 

87 
8 

8 
.41 

29 
50 

1 
40 

44 

i 

20 
S 

.84 
.  8 

i 

1 

17 

11 

20 

15 
2 

b 

i 

1*0 

1 

1 

1 
% 

• 
1*2 

ii 

1 
1 

21 
2 

4 

i 

24 

1 

* 

1 

1 
i 

\ 
\ 

• 
1 

1 

i 
1 

• 
i 

1 

'? 

* 

> 

1 

i 

1 

\ 

1 

1 
2 

i* 

It 
U 

If 

8 
78 
75 
34 

1 
1 
12 
1 
S 
1 

208 

1 
1 
1 

7f 
1 
1 

75 
9 
3 

170 

1 

1 
80 

1 
44 
57 

2 
10 

1 

197 

1 

1 

98 

9 

8 

11 

1 

1 
8 

127 

10 

10 
11 

56 

» 


m 


t^ 


f  86inobM. 
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TABLE  C. — Rboobd  of  Observations  made  on  Board  thb  *  Garland  '  during  1896. 
A.  FISH  CAUGHT— III.  Moray  fiBm—ccmtinued, 


station, 
Date,  and 

Kind  of  Fish. 

Size  IV  IKOHVS. 

I'otal. 

Time 
Trawl 
down. 

4 

+ 

6 

+ 

6 

+ 

7 

+ 

8 

+ 

9 

+ 

10 

+ 

11 

+ 

12 

+ 

18 

+ 

14 

+ 

16 

+ 

16 

+ 

17 

+ 

18 

19 

+ 

20 

+ 

21 

+ 

28 

+ 

25 

+ 

1896. 

Oct  24. 

lf$  hours. 

Plaice,        .       . 
Lemon  soles, 

Haddocks,  . 
Cod,    .        .        . 
Whitings,   . 
Gurnards,  . 
Anglers,     . 
Conger, 

Thomback  skate. 
Starry  ray, 
Sand>'  ray,  . 
Plaice, 
Lemon  soles. 
Common  dabs,   . 

Turbot, 
Haddocks,  . 

wSfthigs,  *.    ; 

Gurnards,  . 
Anglers,     . 
Ling,  .        .        . 
Butter-flsh, 

Thomback  skate. 
Plaice, 
Lemon  soles. 
Common  dabs,   . 
Turbot, 
Haddocks,  . 
Gnmards,  . 
Anglers,     . 

Plaice, 
Lemon  soles. 
Common  dabs,   . 
Long  rough  dabs. 

Gurnards,  . 
AngleiB,     . 

Lemon  soles,     . 
Haddocks,  . 
Cod,    . 
Gurnards,  . 
Anglers,     .       . 
Btassie,      . 
Conger, 

4 

19 
6 

4 

80 
6 

1 

1 
60 

*2 

84 
8 

i 

4 

49 
2 

48 

i 

1 

Z 
22 

4 

9 

2 

88 
18 

*4 

'l 
60 

15 

8 

25 

2 

8 

2 
2 

8 
18 

1 
12 

Z 
22 

1 
19 

Z 

4 
26 

1 

1 

4 

18 

1 
18 

6 

17 
'8 

28 

85 

1 
16 

1 

18 
27 

1 
21 

\ 

10 
\ 

1 
4 

1 

12 

5 

2 

.   1 

2 
14 

i 
1 

6 

1 
2 

1 

1 

1 

2 
1 

1 

i 
i 

5 
8 

\ 

1 

5 
1 

i 

2 
1 

i 

4 

i 

• 
• 

1 

i 
1 

1 

1 

6 
16 
95 

4 
84 

1 

2 
188 

1 

1* 

293 

Not.  27. 
Ifi  hours. 

2 

1 

1 

1 
12 
92 
22 

1 
81 

2 

1 

9 

It. 

4 

It 

281 

StatioB 
XI. 

189«. 
Oct.  15. 
2  hours. 

1 
7 
7 
117 
1 
5 
81 
2 

221 

SteiUon 
Z2L 

1896. 
Oct.  16. 
2  hours. 

6 
6 
99 
2 

1 

78 
2 

Station. 

zm. 

1896, 
Oct.  14. 
2  hours. 

198 

16 
14 

\         1 

44 

1 

51  inches. 


t  49  inches. 


ISInchM. 


f  56taichM. 
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TABLE  C. — Record  of  Observations  made  on  Board  the  'Garland'  during  1896. 
A.  FISH  CAUGHT— III.  Moray  Firth— am<tnw«d. 


station, 

Date,  and 

Time 

Trawl 

down. 

Kind  of  Fish. 

Sizs  nr  IwcaxB. 

Total. 

4 
+ 

ft 

+ 

6 

+ 

7 
+ 

8 

4- 

9 

+ 

10      11 

+  ^  + 

1.'     18     14     16 

-f-      +      +      + 

16 

+ 

17 

+ 

18 

19 

+ 

+ 

•^1  i  28 

+  1  + 

2ft 

+ 

Station 
XIV. 

Oct.  14. 
3  hoan. 

BUtion 

rv. 

1896. 
Oct.  14. 
3  hoars. 

Station 

rvL 

1896. 
Oct.  14. 
2honrB. 

BUtion  I. 

1896. 
Apr.  18. 
1|  hours. 

Grey  skate, 
Sandy  ray, . 
Plaici,        .        . 
Lemon  soles, 
Common  dabs,    . 
Long  rongh  dabo. 
Cod,    . 
Gurnards,  . 
Dragonets, . 

Thomback  skate. 
Starry  ray, . 
Plaice,        . 
Lemon  soles, 
Common  dabs,    . 
Witch  soles, 
Long  ruugh  dabs," 
Haddocks,  . 
Gurnards,  . 

Starry  ray, 
PlalcJ,        .        . 
Lemon  soles. 
Common  dabs,   . 
Long  rouxh  dabs, 
Haddocks,  . 
Whitings,.  . 
Gurnards,  . 
Anglers,     . 
Hake, 

Thomback  skate, 
Plaice,        .        . 
Lemon  soles. 
Common  dabs,   . 
Witch  soles, 
Long  rough  dabs, 
Jilack  soles, 
lIaddock^  . 
Whitings,  . 
■Gurnards,  . 
Angler  flsh, 
Dragonet,  . 

8 

. 

1 

v 

i 

1 
li 

V 

1*1 

11 

• 

101 

41 
18 

14 

1*8 
1*1 

* 

38 

8 
M 

11 

30 

6 

54 
18 

11 
10 

18 
10 

3 

7 
6 

18 

] 

IV. 

i 

2 
3 

8 
3 

Fir 
1 

. 
\ 

1 
1 

1*6 
ft 

TH 
8 

; 
1 

1       1 

^     ; 

1     ! 
ft 

•  1  . 

1 

!        3 

1 

'3 

*1 

1 

1 

i 

; 

i 

1 

■ 

• 

i 

3 

• 
* 

• 

• 

1 

\ 

• 

i 

1* 
It 

8ft 

80 

77 

'a 

l*:l 
8 

. 

OF  < 

3 

1 

:lyi 

1 

: 

1 

• 

'8 
)E. 

i 

* 

1 

1 
1 
1 

16 

159 

1 

8« 
6 

32 

1 

2 

4 

14 

30 

1 

28 

1 

S 

1 

1 

4 

4 

98 

•  37  inches. 


t  8  inches. 
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TABLE  C. — Rbcord  of  Obsbbyations  madb  on  Board  the  'Garland'  during  1896. 
A.  PISH  CAUGHT— IV.  Firth  of  Olydb— ccm^inw^. 


station, 
Date,  and 

Kind  of  Fish. 

Sizs  nr 

IircHss. 

Total 

Time 
Trawl 
down. 

4 
+ 

5 

+ 

6 

+ 

7 
+ 

.1      1 

8 

h 

2!i 

+ 

1896. 
Not.  2. 
U  hoars. 

Thomback  akate. 
Plaice, 
Lemon  soles. 
Common  dabs,    . 
Witch  soles,* 
Long  rongh  dabs. 
Haddocks,  .        . 
Cod,    .       .        . 
Whitings,  . 
Gnmards,  . 
Brassies,     . 
Ling, . 
Hake,.        . 
Anglers,     .        . 

Thomback  skate. 
Lemon  soles. 

Witch  soles,       . 
Long  rongh  dabs, 
Zengopterus 

(ST"""'.    : 

WhlHngs,  . 
Gnmards,  . 

Plaice,        .        . 
Lemon  soles. 
Common  dabs,   . 
Witch  soles, 
Longronghdabs, 
Black  soles, 
Turbot,       .        . 
Haddocks,  . 
Cod,    .        . 
Gnmards,  . 
Hake, 
Anglers,     . 

Sandy  ray, . 
Lemon  soles. 
Common  dabs,   . 
Witch  »oles, 
Long  rongh  dabs, 
Haddocks,  . 
Brassies,     . 
Gnmards,  . 
Angler  fish , 
Hake, . 

Plaice,        .        . 
Lemon  soles. 
Witch  soles, 
Long  rongh  dabs, 
Whitings,  . 
Gnmards,  . 
Hake,         .        . 
Anglers,     . 
Brassies,     . 

1 
1 

2 

1 

1 
11 

1 

i 

84 

b 

. 

4 

1 
1 

2 
42 

4 

6 

1 
2 

2 
1 

3 
4 

10 
21 

2 

1 

4 

2 
4 

1 
11 

2 

18 
10 

1 

1 

1 
2 

1 

1 

i 
2 

8 

i 

'» 

1 

B 

1 

i 
'i 

10 

2 
2 

8 

1 

4 

i 

1 

2 

2 

1 

20 

1 
2 

. 
1 

1 

1 
8 

i 

i 

8 

i 

'1 

2 

1 

1 

1 

1 

i 
1*1 

2 

1 

i 
i 

2 

1 

8 

1 
1 

1 

9 
21 

1 

1 

1 
2 

^ 

• 

8 
2 

i 

* 
1 

i 

1 

1 

^ 

It 

8 
1 
86 

68 

1 
5 

19 
1 
2 

12 
1 
1 
2 
1 

153 

Station  H. 

1896. 
Apr.  18. 
lA  hoars. 

1 
2 
1 
19 
7 

1 
1 
1 

4 

87 

Oct.  ». 
If  hoars. 

4 
17 
72 
8 
5 
1 
1 
4 
2 
18 
12 
2 

Station 

zn. 

1896. 

Apr.  10. 

1.40  p.m. 

to 
2.45  p.m. 

141 

8 
6 
2 
19 
24 
2 
1 
6 
2 
b 

Oct.». 
If  hoars. 

68 

4 
6 
94 
8 
2 
7 
2 
8 
9 

18fi 

*  81  inches. 


t  27  inches. 


t  42  inches. 
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TABLE  C. — IIboord  op  OBsfckvATioNs  iAadb  ok  Boahd  Tfttt  'Garland'  during  1896. 
A.  FISH  CAtJOHT—lV.  f ikra  of  Ch-tDt^-corUinued, 


station, 

Sum  nr  Ivchsb. 

Date,  and 
Time 

.KIndofFteh. 

total. 

Trawl 

4 

5 

6 

7 

8 

9 

10     1 

1 

12 

18 

14 

16 

16 

17 

18 

19 

20 

21 

28 

25 

down. 

+ 

+ 

+ 

+ 

+ 

+ 

+      H 

h 

+ 

+ 

+ 

+ 

+ 

4- 

+ 

+ 

+ 

+ 

+ 

+ 

Station 

IV. 

1896. 

Apr.  10. 

Lemon  sole*. 

3 

6 

11.45  a.m. 

Witch  aolea, 

8 

4 

I 

2 

1 

1 

22 

to 

Long  rough  dabs, 

1 

6 

1 

9 

12.80  p.m. 

Ournarda,  . 
Hake, . 

8 

i 

• 

. 

I 

4 
1 

Oct.  29. 

Thornbaek  skate, 

. 

42 

4* 

40mln. 

Sandy  ray  . 
Lemon  soles, 

1 

1 

2 

, 

2 

Witch  soles,        . 

18 

8     1 

6 

2 

49 

Long  rough  dabs, 

1 

16 

Brill,  . 

1 

It 

2 

Haddocks,  . 

1 

2 

Gurnards,  . 

10 

4 

1 

28 

Hake, . 

4 

. 

2 

. 

11 

Anglers,     . 

• 

1 

2 

117 

a^i^B^ 

^tion  Y. 

1896. 

Apr.  10. 

Thomback  skAte, 

, 

, 

1 

, 

, 

, 

1 

6.35  a.m. 

Sandy  ray, . 

, 

1 

, 

1 

to 

Plaice,        .       . 

1 

i 

2 

1 

7 

7.45  «.m. 

Lemon  soles, 
Common  dabs,    . 
Long  rough  dabs, 

Turbot?**'. 
Haddocks,  . 
Cod,    .        .        . 
Gurnards,  . 
Linff,  .        .       . 
Anglers,     , 

9 
3 

20 

17 

1 

1 

1 

t 

1 

* 

1 

1 

1 

1 

x 

18 
84 
25 

1 
1 

2 
S 

1 
1 

Oct  80 

Hake,.       .        . 
Thomback  skftte. 

2 

1 

2 

2 

1 

1 

11 

1 

97 

8|| 

1  honr. 

Sandy  ray, . 
Lemon  soles, 

Long  rough  dabs, 
Haddocks.  . 
Cod,    .     •  .        . 
Brassies,     . 
Hake,. 
Anglers,     . 

8 

i 

1 
2 

• 

1 
1 
1 

1 

1 

1 

i 

1 

1 

It 

1 
16 
8 
4 
10 
2 
1 
S 
2 

Station 

Conger, 

11 

1 

56 

VL 

1896. 

April  13. 

Thotnback  skate. 

1 

1 

1 

8 

%^  honra. 

Sandy  ray, . 

8 

811 

Plaice,        .       . 

1 

4 

2 

1 

1 

10 

Lemon  soles, 

11 

10 

1 

1 

41 

Cbmmbn  dabs,  . 

21 

84 

Lbnc  rough  dubs, 
BlacK  soles, 

^ 

1 
1 

Haddocks,  . 

1 

11 

Cbd,    . 

2 

Whltldgs,  . 

8 

2 

18 

Ghmahis,  . 

4 

1 

19 

Red  gbmards,    . 

1 

1 

8 

BYasslta,     . 

2 

12 

158 

1          ! 

■^■^1 

*  One  8  Inches. 


t  27inchea. 


X  80  inches. 


I  One  45  Inches. 
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TAKLE  C— Record  of  OBSkEvAtionts  had*  ok  Board  ttifc  *  Garland  *  during  1896. 
A,  FlSd  CJAtJGflT— IV.  l^lRTH  OF  ClTDit— «mW»t^. 


Statloh, 
Date  and 

Kind  of  Fish. 

SiZB  n  IvoHU. 

Total. 

Time 
Trawl 
down. 

4 
+ 

6 

+ 

6 

+ 

7 

4- 

8 

+ 

9      1< 

+      -t 

)     11 

•      + 

12 

+ 

18 

+ 

14 

+ 

15 

+ 

16 

+ 

17 

+ 

18 

+ 

19 

+ 

20 

4- 

21 

+ 

28 

+ 

25 

+ 

1896. 
Oct.  2$. 
2  hours. 

thdrnback  skate, 
^ndt  rtiy. 
Common  date,    . 

&■*-•.    : 

Haddocks,  .       . 
Cod,    . 
Whitings,  '. 
Common  gumlids 
Red  gurnards,    . 
Poor^jod,    . 
Angler, 

fJS.'.*^-.    : 

Lemon  soles. 
Common  date,    . 
Witch  soles. 
Long  rough  date 
Haddocks,  .       . 
Gurnards,  .    -  . 
Angler  flsh, 
Hsko. .       . 
Labrui  (?)  macu- 
latus, 

Thomhack  skate. 
Sandy  rays, 
Lemon  solea 
Common  dabs,    . 
Witch  soles, 
Common  gurnards 
Red  gurnards,    . 
Hake, . 
Nursehonnd, 
Lesser      spotted 
dog.flsh. 
Anglers, 

Plaice, 
Lemon  soles. 
Common  date,    . 
Witch  soles. 
Long  rough  dite, 
Haddocks,  . 
Cod,    .        .        . 
Whitings,   . 

Red  gurnards,    . 

Angler; 

Hake, 

Brassie,       .        . 

Poor  cod,    . 

Conger,      .       . 

1 
2 

1 

1 

2 
11 

e 

2 

8 

lb 

14 

16 

2 

2 
IS     ] 

1       . 
t 

1 

1 

8 

!     i 

1     1 
.      1 

1       4 

10     10 

*8       *8 
8       1 

1 
10 

12 
1*2 

1 
1 

i 

2 
10 

1 

1 

4 
4 

'e 
i 
i 

8 
A 

8 

2 

* 
1 

! 

5 

V 
1 

2 

• 
2 

i 

• 

1 

1 

; 
i 

I 

1 

1« 

111 

16* 

ist 

128 

Station 

tm. 

1896. 
April  15. 
l\q  hours. 

1 

Oct.  30. 
1\  hours. 

1 

i 

89 
17 
17 

54 

ApmW.Jt 
9.14  p.m. 

to 
lMflp.m. 

13 

5 
17 
71 

2 

4 

en 

45 
18 

1 
1 

s«* 

5 

1 
Itt 

187 

' 

*  One  8  inches.  f  Five  8  inches.  %  8 

^  One  85,  four  36,  one  43  inches.  **  One  87  inches 


i  28  inches. 
tl  86  inches. 


I  80  Inches. 
Xt  Hauls  made  at  night. 
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48  Tart  IIL — Fifteenth  Annv/xl  Report 

TABLE  C. — RsooRD  of  Observations  made  on  Board  thb  'Garland'  ditring  1896. 
A.  FISH  CAUGHT— IV.  Firth  of  OvzDEr-^imtvnued. 


StatlOD, 

Dftto,and 

Tbne 

Trawl 

down. 

Kind  of  Fish. 

Sub  xh  Iv  oosa. 

Total. 

4 
+ 

5 

+ 

6 

+ 

7 

+ 

8 

+ 

9 

+ 

10 

+ 

11 

+ 

13 

+ 

18     14 

+  1  + 

16 

+ 

16 

+ 

17 

+ 

18 

+ 

19 

+ 

30 

+ 

tl 

+ 

38 

+ 

36 

+ 

1896. 

Not.  8.  • 

1  hour  M 

minntes. 

vni. 

1896. 
April  1&. 
3  hours. 

Octal. 
llMmr40 
mlnatea. 

AprU  21.* 
U.lAp.m. 

to 
a.M  p.iD. 

Not.  8.* 
If  hoars. 

Thombock  skate, 
Flapper  skate,    . 
Lemon  soles. 
Common  dabs,    . 
Haddocks,  . 
Whitlnj^s,   .        . 
Gurnards    . 
Ung,  .        .        . 
Hake, . 

BrassleB,     .       . 
Angler,       .        . 

Thomback  skate. 

Witch  soles, 
SaU  flakes, . 
Long  rough  dabs, 
Haddocks,  . 
Cod,    .        .        . 
Whitfngs,  .        . 
Gurnards, 
Angler, 
Hake, . 

Thomback  skate, 
Witch  soles. 
Sail  flukes. . 
Gurnards,  . 
Hake, 
Anglers,     . 

Thomback  skate, 
Sandy  ray, . 
Plalc,        .        . 
Lemon  soles, 
Common  dabs,    . 
Witch  soles, 
Black  soles, 
Long  rough  dabs, 

Cod,  ^.   *'  .* 
Whitings,    . 

Hake, 
Brassies,     . 

Thomba<fk  skate, 
Sandy  ray, . 
Common  dabs,    . 
Witch  soles, 
SaU  flakes. 
Long  rough  dabs, 
Haddocks,  . 
Whitings,  . 
Red  gurnards,    . 
Hftke. . 
Brassies,     . 
Anglers,     . 
Conger.       .       . 

1 

i 

• 

1 

2 

H 

1 
1 

V 
l 

1 
1 

1 

34 
16 

; 
1 

• 
1 

1 
11 

1 

i 
ft 

14 
16 

1 

* 

11 

11 

• 

28 

38 

7 

1 

• 
• 

4A 

• 

7 
1*3 

lib 

1 

i 

• 

0 

1 
1 

1 

10 

3 

6 

• 

• 

i 

i 

3 

8 
8 

v 

i 

8 

87 
1 

1 

8 

1 

1 
1 

1 
6 

1 

'3 

1 

1 
1 

1 
1 

1 
I 

1 

i 

• 
1 

• 
1 

9 
1 
3 

68 
89 

8 

8 

It 

4 
6 

n 

131 

3 
11 

179 
8 
7 
4 
11 
6 
84 

m 

4 

867 

3 
83 

6 
18 

6 

3 

66 

9S 

1 

1 

6 
46 
64 

3 

1 
» 

20 
43 

8  ! 
6 

280 

7 

1 

3 
18 
10 

1 

8 
11 

1 

7 

1 

I 
!•• 

1        j 

64 

*  Hauls  made  at  night.       t  06  inches.       %  One  37  inches.       1 48  inches.       |  37  inches.       IT  One  8  inches. 


*  48  indies. 
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TABLE  C. — Record  of  Observations  made  on  Board  the  *  Garland'  during  1896. 
A.  FISH  CAUGHT— IV.  Firth  op  Clydr— «m/tnu«rf. 


station, 

1 

Size  ik  Inchis. 

Dftte,  and 
Time 

Kind  of  Fish.      ,  ~~ 

Total. 

Trawl 

,    4 

8 

19 

20 

21 

28 

25 

down. 

1  + 
• 

h 
1        1        1        II 

+ 

+ 

4- 

+ 

+ 

Statiim 

1 

IX. 

^ 

lOHJ. 

April  14. 

Tbornbock  skate. 

• 

. 

. 

1 

. 

. 

2* 
1 

2  hoars. 

Plaice,        .        . 

. 

. 

. 

1 

. 

• 

Lemon  soles, 

. 

1 

Common  dabs,    . 

'» 

1 

. 

. 

. 

7 

Witch  soles. 

• 

17 

20 

28 

45 

16 

» 

• 

143 

Long  rough  dabs, 

2 

» 

1 

, 

. 

13 

Whitings,    . 

. 

2 

. 

.  I  . 

Gurnards,  . 

4 

9 

2 

1 

. 

, 

20 

Angler 

. 

. 

, 

1   . 

1 

Hake,         .       . 

* 

• 

• 

1 

• 

1 

1 

i 

7* 

2fiO 

■ 

^m^tm 

Oct.  81. 

Witch  soles, 

, 

. 

3 

1 

9 

8 

1 

. 

. 

17 

12  hOUTb. 

Sail  flukes, . 
Gurnards,  . 

• 

• 

2 

3 

• 

9 

12 

2 

• 

• 

•  i  * 

• 

• 

U 
28 

StatiimX 

Hake, . 

1 

8 

' 

4 

50 

1896. 

, 

April  14. 

Thomback  skate, 

1 

1 

1 

2 

1 

1 

1 

1 

10 

2  hours. 

Plaice, 

.    1    . 

. 

. 

2 

.  I  • 

2- 

Lemon  soles, 

•    1    • 

. 

1 

1 

Common  dabs,    . 

•    1    ■ 

4 

5 

1 

. 

. 

10 

Witch  soles, 

.    1    . 

4 

18 

29 

29 

17 

•    1    • 

97 

Sail  fluke,  . 

•    1    • 

1 

1 

3 

Long  rough  dabs. 

•        ^ 

12 

1 

1 

. 

.    1    . 

1 

17 

Black  soles. 

, 

.    1    . 

1       . 

.    ,    .    1        1 

Brill,  . 

. 

•    1    ' 

: 

.       .   •    .          25 

Haddocks,  . 

2 

8 

8 

4 

1 

3  '     1 

•    1    • 

.  i  1 

.    1    .          28 

Whitings,   .       . 

. 

6 

1 

.    1    3 

.    1    . 

•        •    '    •           1® 

Qnmards,  . 

14 

20 

8 

7  1    * 

-    1    . 

1 

.1.1       54 

Red  gurnard,      . 

1 

1 

.    1    . 

•    1    • 

2 

Dragonet,  .        .      . 

1 

, 

, 

.    1    . 

1 

1 

Hake,         .        . 

• 

•■ 

1 

.    1    . 

[    1 

1 

.    1     1 

1 

2 

; 

1 

240 

1                1 

^m^im 

Oct.  28. 

Thomback  skate,  i    . 

, 

7 

1  ,    4 

.  1   . 

. 

12 

1  hour  50 

Sandy  ray, .        .  1    . 

2 

. 

•    1    • 

1       1 

1 

.    1    •    '    .    1    • 

.    1        4 

mfoutes. 

Lemon  soles,      .  !    . 
Common  dabs,    .  •    . 

1 

2 

•    !    •    ,    • 

:  \  : 

.    1    .        .        . 
'    1    *        *    1    .* 

•    i        * 

Witch  soles,       .  '    . 

• 

.    1    .        .         1 

. 1  .    .;.'.,. 

1 

Sail  flakes,         .      . 

.1  1    .        .    ,     1 

.   . 

.    .    .    .  1  .  '  . 

^ 

Brill,  .        .        .       . 
Haddocks,  .        .       . 

• 

:  1  : '  :  1  :  i  :  .  : 

.'1  : : : 

1 
9 

Whitings,   . 

. 

1 

. 

1 

.     :       1    1      .     1      .      1      .           . 

8 

Gurnards,  . 

» 

15 

14 

2 

. 

15 

Sli       6  1    .    1    . 

.   '    .   1   • 

88 

Hake,         .        . 

. 

. 

. 

:i 

3 

.    ,     .    ;     . 

6 

Brassies,     .        .  !    . 

15 

4» 

27 

1 

. 

1 

86 

Angler.       . 

. 

. 

. 

1 

1 

John  Dory. 

• 

• 

• 

1 

• 

• 

1 

219 

Station 
XI. 

1 

1896. 

1 

April  16. 

Plaice, 

• 

, 

1 

. 

1 

1 

1  ^  hours. 

Common  dabs,    .       1 
Witch  soles,       .       . 

2 

6 

*6 

8 

1*0 

4 

.  1  . 

^ 

^ 

• 

. 

•  !    • 

•  1    • 

15 
22 

Long  rough  dabs,       .  i 

lu 

19 

11 

6 

. 

. 

1 

45 

Whitings,   .        .       . 

• 

. 

.    i     2  '     .    '     .    ,     .    1    . 

2 

Gurnards,  .              .    i    . 

4 

1 

. 

11.'.         .    '     .    '    .         . 

.    1    . 

6 

Brasdc,      .        .       .    '    . 

. 

1 

.         .         ...1.1. 

1 

Angler 

.  '  .    .    :  '  :  '  1 '  : 

1 

Hake, 

.        . 

1     '     1 

1 

8 

3 

«A|1 

118 

*  One  at  24  inches.  f  One  27,  one  28  Inches.  X  One  at  22  inches.         |  One  26,  one  29  Inches.         ||  Two  nt  27  tochcs. 

D 
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60  Part  JIl— fifteenth  Anruual  Jt^port 

TABLE  C. — ^Rbcord  of  Observations  made  on  Board  the  'Garland'  puRiNG  189p. 


A.  FISH  CAUGHT— IV. 

FiRTH  OF  Clyde — continued. 

Size  m 

IlfCHXS. 

' 

1                          III 

\ 

7 

+ 

8 

+ 

»!]o| 

+  :  + 

11  1  12 

1 

H 

1        1        1        1        1   _  __i 

> 

21 

+ 

28 

+ 

26 

+ 

1896. 

Octao. 

Ihour 
60  minutes 

BUtion 
XII. 

1896. 
April  16. 
Ifi  hours. 

April  21. 
9.15  p.m. 

to 
n.so  p.m. 

Oct  80. 
2  hours. 

Ordinary 

Nov.  4. 

2  hours 
5  minutes 
(H.JJfi  p.m. 

to 
10.40  p.m.) 

'FromFui 
side'*** 

April  28. 
14  hours. 

Thomback  skate. 
Plaice, 
I<emon  soles. 
Common  dabs,    . 
Witch  soles. 
Long  rough  dabs, 
BriU,  .        .        . 
Whlttngs,  . 
Gurnards,  . 
Hake, . 
Angler, 

Common  dabs,    . 
Witch  soles, 
Long  rough  dabs, 
Block  -  mouthed 
dog-fish. 

(Niffht  haul) 
Grey  skate. 
Witch  soles. 
Long  rough  dabs. 
Cod,    . 
Whitings,  . 
Angler 
Hoke,. 

Thomback  skate. 
Flapper  skate,    , 

Common  dabs,   . 
Witch  soles. 
Long  rough  dabs. 
Whitings,  . 
Gurnards,  . 
Poor  cod,    . 
Ling,  . 

Hake,.        .        . 
Anglers, 
Picked  dog-fish, . 

trawl,  night  haul. 

Thomback  skate. 
Flapper  skate,    . 
Witch  soles, 
lx)ng  rough  dabs, 
Wliltings,   . 
Hoke, 

Angler,       . 
Conger, 
Picked  dog-fish, . 

,nace  to  Islands  out- 
(a)do«rntoInverae. 

Skate  (?  thomback) 
Plaice, 
Lemon  soles, 
Common  dabs,    . 
Witch  soles. 
Long  rough  dabs, 
Haddocks,  . 
Gurnards,  . 
Hake  . 

8 

I 
1 

*8 
2 

'7 

1 

1 
9 

i 

6 
16 

1 

7 

5 
"7 

's 

1 
83 

60 
8 

18 

1 
6 

2 
18 

66 

1 
2 
2 

4 

i 

10 

'4 
1^ 

80 

V 

67 
2 

: ! 

•    1 
2 

86 

20 
U] 

14 
10 

2 

17 
26 

PPBI 

7 
i 

2 
i 

86 
4 

42 
6 

lb 

8 
1 

lb 

6 
3 

10 

40 

K3H 

18 

8 
2 

8 
'4 

28 

Fy> 

1 
9 

i 

1*4 

1 

'9 

• 

FB. 
1 
6 

1 

lb 
1 

1 
'4 

'2 

1 
1 

2 
'2 

1 

1 

i 

4 

1 

1 

1 

1 

2 

1 

1 

"1 
i 

1 

• 

1 

1* 

It 

1 

1 ' 

I** 

Jtt 

1 

6 

\ 

60 

67 

1 

8 

2 

183 

One  at  2i  inches,    f  82  inches.     %  83  inches.    §  One  at  26  inches,  two  at  29  inches.     ||  22  inches.    H  Two  at  2  inches,  two  at  3  inches. 
•*  27  Inches.  ft  82  and  40  inches.  %%  One  at  24  inches.  ||  One  at  24  inches.  || ||  61  inches.         f ^  26  inches. 

"•  ♦  *  From  Dannevlg's  Notes. 
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TABLE  C. — ^Rboobd  of  Obsbrvations  madb  on  Boabd  tbjb  *Qablaxii>*  dubino  1886. 
A.  FISH  CAUGHT—y.  Uppkb  Loch  Jrv^—cotUinued. 


station. 

Time 
Trawl 
dovn. 

Kind  of  Fish. 

SiZB  IN  IVOHSS. 

4 
+ 

6 

+ 

6 

+ 

7 
+ 

8 

+ 

9 

+ 

10 

+ 

11 

+ 

12 

+ 

18 

+ 

14 

+ 

+ 

16 

+ 

17 

+ 

18 

-*- 

19 

+ 

20 

+ 

21 

+ 

2S 

+ 

28 

!^ 

OffKinai 
LochGi 
trawled 

April  2a 

Penmore 
3Ild-chfl 

April  SO. 

Off  Dand 
Lowb.ir 

Mays. 
1^  honrs. 

Lowburn 
Cartle. 

Not.  12. 

2  b  JUTS  10 

al  infers. 

rd     Castle  to  off 
lir,             distance 
,2  miles.* 

Plaice, 

Common  dabs.    . 
Witch  soles. 
Long  roagh  dabs, 
Haddocks,  . 
Gurnards,  . 

to  off  IiiTeraray, 
nneLf 

Witch  soles,       . 
Long  rough  dabs. 
Haddocks, . 

erare  Castle  to  off 
n.  Mid-channel. 

Plaice, 

Common  dabs,   . 
Witch  soles, 
Flounders,  . 
Long  rough  dabs, 
Cod,    . 
Whitfags,   . 
Gurnards,  . 
Ling,  . 
Poor-cod,    . 

to       Dunderave 

Thomback  skate. 
Plaice,        .        . 
Lemon  soles, 
Common  dabs,    . 
Witch  soles, 
Long  rough  dabs. 
Haddocks,  .        . 
Cod,    . 
Hake,. 
Congers,     . 
Ool>itts  niger, 

U>  off  Inveraray. 
Witch  soles,       . 
Long  rough  dabs. 
Haddocks,  . 
Cod,    .        .        . 

>  Furnace. 

Common  dabs,    . 
Witch  soles. 
Long  rough  dabs. 
Cod,    . 
Gurnards,  . 

2 

i 

1 

I 
8 

2 

i 

8 
6 

i 

2 
1 

2 

8 
1 

V 
1 

i 

1 

1 
7 

6 
8 

6 
2 

10 

1 

2 

i 
i 

16 
9 

6 
8 

12 

2 
A 

19 

lb 

1 

20 

1 
1 

I 

1 

8 

18 

lb 

18 
1 

a 

24 
9 

i 

21 

i 

8 

i 

18 

6 
1 

1 

11 
1*6 

1*1 

1 
1 

6 

1 
7 

2 

i 

8 

8 

4 

i 
1 

1 

4 
4 

1 

1 

2 

• 

5 
4 

8 

1 

i 

1 

1 

*1 

* 

i 

• 

\ 

811 

14 

104 
1 

109 

18 
12 
88 

19 

88 

4« 

81 

96 

Penmore 
Not.  12. 
I  honr*  10 
minutes. 

Inrerae  t  < 
Nor.  13. 
I  hour  20 
nluntes. 

• 

106 
17 
8 

1 

126 

9 

87 
18 

1 
7 

60 

From  Duraerlg's  Notes,    f  From  Captain  Campbell's  Notes.    %  One  at  22  inches,    f  88  inches,    if  29,  87,  and  60  Inches 


Digitized  by 


Google 


52  Part  III, — VSfteenth  Annual  Report 

TABLE  C— Rboord  of  Observations  madb  on  Board  the  *  Garland'  during  1896. 
A.  FISH  CAUGHT— V.  Upper  Loch  Fynr— con^tnuaf. 


station. 

Date,  and 

Time 

Trawl 

down. 

Kind  of  Fiah. 

SiZB  IK  IMCHSS. 

4 
4- 

+ 

6 

+ 

1 
7    ,   8 

9  ;  10 

+    + 

11 

4- 

13 

+ 

18 

4- 

V^ 

16 

+ 

16 

+ 

17  ,  18  1  19 

+  1  +  1  + 

20 

+ 

21 

28     25 

^1  + 

Total. 

Off  Loch 

1896. 
Nov.  18. 
1  hour  96 
minutes. 

• 

Off  Loch 

1896. 
Not.  U. 
1  hour  10 
minutes. 

Gair  to  Minard. 

Thornback  skate. 
Lemon  soles. 
Common  dabs,   . 
Witch  soles, 
Lonff  rough  dabs. 

Cod,    .     '  .        . 
Gurnards,  . 
Hake,.        .        . 
Brassies,     .        . 

GalrtoLargymore. 

Sandy  ray. 
Plaice,        .        . 
Witch  soles. 
Long  rough  dabs, 
Haddocks,  ' 

Whitings,  .' 
Gurnards,  . 
Hake,.        . 
Liparit,  sp.. 

1 

v 

17 
13 

1 
t 

: ! 

9 

1 

1 

• 
8 

'i 

I 
1 

I 

2 

* 

2 

1 

1 

• 

2 
2 

2 
1 

1 
2 

1 
1 

• 
2 

1 
1 

i 

*. 

: 

S 
2 
« 
8 
88 
4 
9 
4 
2 
2 

v 

8 

78 

1 

2 

20 

2 

f 

7 
8 
4t 

46 

*  8  inches. 


t  One  at  22  inches. 


(  One  at  1  inch,  three  at  2  inches,  and  one  at  8  inches. 
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TABLE  C. — Kkcord  of  Obsbrvations  madb  on  Board  thb  *  Garland'  during  1896. 
A.  FISH  CAUGHT  {Shrimp  Trawl)— Nl,  Moray  Firth. 


station, 

Size  IN  IKCHKS. 

Date,  and 
Time 

Kind  of  Fish 

Total. 

t 

! 

Trawl 

1 

2 

a 

4 

5 

6 

7 

8 

fi 

10  111 

12 

18 

14 

15      16 

17 

18 

19 

20 

1 

down. 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+  1  + 

+ 

4- 

+ 

+ 

fiteUon 

7. 

1886. 

Aug.  24. 

Plaice, 

. 

1 

1 

35  minutes 

Lemon  soles. 
Common  dabs,   . 
Haddocks,  . 
Cod,    .       .        . 
Gurnards,  . 

24 
2 

23 

1 
1*6 

5 
12 

3 

1 
2 

1 

1 

2 

• 

• 

•  : 

2 

61 

8 

6 

29 

102 

^m^im 

Oct.  28. 

Thomback  skate, 

. 

1 

1 

80  minutes 

Plaice,        .       . 
Common  dabs,    . 
Solenette,  . 
BrUl,  . 

Cod,    .       .        . 
Whitings,  . 
Gnmaids,  . 

2 
2 

I 
1 

8 
2 

2 

1 

1 

2 
2 

■• 

• 

1 

1 

■ 

5 
16 
8 

1 

18 
1 

SUgon 

Pipefish,    . 

' 

1 

1 

41 

1896. 

Aug.  2«. 

Lemon  soles. 

, 

1 

3d  minutes 

Witch  soles. 
Long  rough  dabs, 

Gurnards,  . 
Hake,         .       . 
Dragonct,  . 
Pogge,        .       . 

13 

24 

1*8 

10 

10 
5 

1 

i 

i 
1 

1 

1 

86 

1 

10 

1 
4 
1 
18 

4 

121 

^m^im 

Oct.  23. 

Lemon  soles,      . 

, 

8 

. 

8 

85  minutes 

Ljng^oughdabs. 

Cod,    .        .        . 
WhitlngH,   .        . 
Gurnards,   . 
Hake,. 

13 

35 

27 
11 

80 

18 
6 

i 
1 

5 

1 

u 

1*8 
1 

21 
7 

8 

I 

i 

1 

• 

80 
25 
55 
I 
42 
10 
15 

Not.  26. 

Dragonets, 
Common  dabs,   . 

27 

14 

6 

* 

5 

236 

61 

35  minutes 

Long  rough  dabs. 
Haddocks,  .        . 
Whitings,  .       . 
Cod,    .       .        . 
Gurnards,  . 

Hake, 

OoMut  minvtus, 

Dragonets, 

9 

6 

1 
11 

4 

1 
4 

21 

8 

6 

*« 

*3 

8 

^ 

, 

• 

26 
8 
2 
2 

18 
2 

84 
1 
9 

158 

,t^ 

1896. 

Not.  26. 

Common  dabs,   . 

, 

7 

8 

19 

10  minutes 

Long  rough  dabs. 
Haddocks,  .       . 
Cod,    . 
Gurnards,  . 

10 
2 

14 
1 

; 

2 

1 

27 

1 
4 
6 

Brassies,     . 

1 

6 

14 

8 

•  1 

25 

Poor  Cod,  . 

48 

63 

.21 

1 

181 

Hake, 

9 

2 

1 

1 

18 

Dragonet,  . 

2 

■ 

2 

1 

228 
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TABL£  C. — Bboord  op  Observations  made  on  Board  thb  'Garland'  during  1896. 
A.  FJSH  CJAUGEtt  {Shrimp  trawl)-^Yi.  Moray  ^tRTR—coniinued. 


1896. 

Oct  16. 

SOmlimtea 


Lon 

1896. 

Oct.  14. 

A)miAate8 


ktai 


^« 


Stai 


1^ 


I8d6. 

Oct.  14. 

nominates 


SXZB  IN 

IK0HB8. 

1 
+ 

1      1 

J 

+ 

9 

h 
II         1        1     .    1         1        1         1         1        1 

20 

TotaL 

Solenette,    . 
Haddocks,  . 
Whitinga,  . 
GnrnaidB,  . 
Porfge,        .       . 

Plaice, 
Lemon  ^les, 

Common  dabs,   . 
Guhiards,  . 

Lemon  ioles, 

Haddoc&s,  . 
Cod,    . 

Gadus  rtiinutiu,  . 
DragonetSf . 

Common  dabs,   . 
SaU  flake    . 
Long  rough  dabs. 
Haddocks,  . 
GamardSf  . 
Dragoneta, . 
Pogges.       . 

i 

1 
1 

5 

23 
2 

11 

18 

6 
4 

i 

2 

1 

2 

2 

4 

i 

11 

27 

1 

77 

14 

2 
6 

2 

1 

22 

) 

1 

102 

1 

36 
2 

8 
29 

■ 

1 
1 

20 
2 

12 
6 

2 

8 

9 
2 
1 

1 

6 

2 

6 

2 
2 

i 

1 

2 

1 
1 

8 

8 
2 

• 

• 

1 

1 
1 

2 

1 
1 

1 

1 
1 

1 

- 

1 

1 

^63 

itatioii 

1896. 

Apr.  13. 

80  minuted 


Vll.  Clyde. 


Leinon  aoles, 
Common  dabs,   . 
Long  roagh  dabs, 

• 

2 

1 

2     12 

3 

7 

8 
8 

2 

1 

• 

• 

; 

• 

• 

1 

1 

• 

2 

17 

19 
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TABLE  C— RECOKi)  ot  OisBRVATiONS  made  on  Board  Triu  'Garland'  during  1896. 
A.  FISH  CAUGHT  [ShHmp  Trawiy-YIL  ChYDit— continued. 


Station, 

Date,  and 

Ttme 

Trawl 

down. 

KlndofFlah. 

SiZB  IN  IKCHIS. 

1 

+ 

2 

+ 

3 

+ 

4 
+ 

6 

+ 

6 

+ 

7 

+ 

I 

9 

+ 

10 

+ 

11 

+ 

12 

+ 

18 

+ 

14 

+ 

16 

+ 

16  '17 

+      + 

18 

+ 

19 

+ 

20 

+ 

Total. 

11 
11 

Station 

18M. 

Apr.  13. 

80  mlnntes 

1896. 
Apr-  16. 
SOminotA 

Oct.  81. 
40  minutes 

1896. 
Apr.  14. 
40mtnates 

Oct.  31. 
30  minutes 

Stolon 

1896. 
Apr.  14. 
Mmlnntm 

Lemon  soles, 
Common  dabs,   . 
Long  rough  dabs, 
Haddocks,  . 
Cod,    .        .        . 
Oumaids,  . 
Dragonct,   . 

Plaice,        .       . 
Lemon  soles,      . 

Witch  soles. 
Long  rough  dabs, 
Gurnards,  . 
Hake,. 
DraKonets, . 
Goby, . 

Witch  soles, 
Long  rough  dabs. 
Gurnards,  . 
Hake, . 

Drsgonets,.       . 
Four       beirded 
ro^i^  (Motella 

Lemon  soles. 

Witch  soles. 
Long  rough  dabs, 
Gurnards,  . 
Hake, 
Dragonct,  . 

Witch  soles, 
Long  rough  dabs, 
Gurnards,  . 
Poor  cod,    . 
Dnigonet,  . 
MottUa  Hmbria, 

OobiuMmkmtus, . 

Witch  loles, 
SaU  fluke,  .       . 
Long  rough  dabs, 
VThltlngs,  . 
Gurnards,  . 
Hake,*      .       . 
GadtundmituSf  . 
Dragonets, . 
Goby, 

• 

i 

2 

1 

13 

8 
9 

6 

3 
23 

i 

12 
12 

4 

2 
6 

10 

i 

30 

1 

• 

4 
1 

1 
2 

1 

i 

1 

1 
1 

i 

i 

• 

1 

* 

2 
1 

'3 

1 
'3 

1 

'2 

'3 
6 

1 

• 

• 
• 

•• 
6 

6 
8 

1 
• 

1 

* 
»  * 

* 
* 

* 

* 

* 

• 

• 
• 

• 

29 

1 
1 
6 
16 
10 
2 
6 
9 
1 

60 

3 
16 

1 
2 
26 

1 

49 

1 
1 
18 
17 
1 
1 
1 

86 

2 
1 
2 
61 
21 
2 

11 

90 

16 
26 

61 
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TABLE  C. — Recx)RD  of  Obsbrvationb  madb  on  Board  the  'Garland'  during  1896. 
A.  FISH  CAUGHT  (ShHmp  Trawl)— WU.  Clyde— CiwUinuerf. 


SizB  nr  Ihchks. 


1896. 

Oct.  28. 

80  minutes 


1896 
Apr.  16. 
80  mlnutea 


8tei 


^r 


Oct.  80. 
80  miniites 


Salltluke,  . 
Long  rough  dubs, 
Gnnutrds,  . 
Poor  cod,  . 
Gobitu  minutut, . 
Dregonet«, . 
Motella  cimbria. 


Witch  Holes, 
Long  loughdabit, 
Cod.    . 
Whitings,  . 
Gurnards,  . 
Gadu*  mtHutu4,  . 
Hake, 

LumptMU  lamp- 
petrm/ormis^ 


Witch  soles, 
Long  rough  dabs, 
Poor  cod,    . 

GobiuM  minutu$f . 

MotellaciinbHa,. 
Lipari*^  sp., 
Hake, . 


Sandato 
Station 

189«. 
Apr.  20. 
80  minutes 


lU^. 


1896. 

Apr.  20. 

45  minutes 


1896. 

Apr.  30. 

45  minutes 


B<rnnan  Head. 


Sandy  ray, 
Lemon  soles, 
Cod,    . 
Brassic, 
Zevffopterus^ 
Dragonets, . 


Sandy  ray,  . 
Lemon  soles, 
Dregonet,  . 


Oadus  nUnutia^ 


15 


9      10     11 

+      +  I  + 


1 


12  i  18      14      15 

+  I  +      +      + 


17      18      19 

+  :  +  I  + 


Total. 


VIII.  FiKTH  OF  Clyde. 
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TABLt  C— IIbcord  of  Obbbevations  made  on  Board  the  *  Garland  '  during  1896. 
A.  FISH  CAUGHT  (Shrimp  Trawl)— Will.  Firth  of  CLYVE—c(mti7iued. 


station. 

Date,  and 

Time 

Trawl 

down. 

Kind  of  Fish. 

SiZB  IN  Inches. 

Total. 

0 

11 

+ 

12 

+ 

+ 

14 

+ 

16 

+ 

16 

+ 

17 

+ 

18 

+ 

19 

+ 

20 

+ 

Station 

1896. 

Apr.  20. 

40  minutes 

Stetion 

189i5; 

Apr.  20. 

45roinnte8 

Sandato 
sution 

1896. 

Nov.  11. 

80  minutes 

1896. 
Nov.  11. 
ao  minutes 

sution 

1896. 

Nov.  11. 

Mminotefl 

SU^on 

1896. 

Nov.  11. 

Mminotefl 

Common  dabs,    . 
Witch  soles, 
Long  rough  dabs. 
Hake,         .        . 
Dragonots,  . 
Four-bearded 
rockllng, 

Grey  skate, 
PUUce, 
Lemon  soles, 
Common  dabs,    . 
Witch  soles, 
Long  rough  dabs, 
Haddocks,  . 
WhiUnta,  . 
Gurnards,  . 
Dragonet,    . 

Bennan  Head. 

Poor  cod,    . 
Gobies, 
Pogges,      . 

Triiflops  Murrayi, 

norvegieu4^ 
Common  dabs,    . 
Lemon  soles. 
Whitings,   . 
Poor  cod,    . 
Btassie,       . 
Pogge,        .        . 
Dragoncts, . 
John  Dory, . 

Whitings,   .        . 
.Gurnards,  . 
Poor-cod,    . 

Hake 

Dragonets, . 

Witch  soles, 
Long  rough  dabs. 
Gurnards,  . 
Hake, .        .        . 
.Gobies,       .       . 
Dragonets,  . 
Motellaeimbria, 

2 

6 

11 

8 
6 

4 
4 

i 

1 
1 

4 

v 

9 

8 
21 

» 

40 
38 

1*8 

1 
1 

1 

5 
2 

8 
1 

8 
V 

1 

11 

1 

1 
1 

1 
2 

2 
2 

1 

2 
2 

i 

1 
1 

2 

12 

5 
2 

1 
2 

Z 

2 
1 

8 

4 

S 
1 

2 
2 

1 

4 

1 

2 

1 

2 
8 

1 

1 

1 
4 

2 

1 
1 

1 
2 

1 

i 
i 

• 

• 

• 

1 
c, 

1 
I 

5 

1 

IR 

1» 

1 
4 
3" 

7 
10 
6 
4 
3 

80 

4 
2 
3 

1 

10 

6 

1 
7 
1 

15 
5 
5 

83 
3 

76 

2 

2 

64 

1 
47 

106 

1 
7 

11 
8 
4 
8 

26 
1 

60 

*  24  inches. 
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Table  C— Record  op  OfestoVATiojfs  Made  on  Board  T^fe  *GArLa^1j'  during  1896. 
A.  PISH  CAUGHT  (Shrimp  Trawiy-^tW.  PiET^  oi^  Clyde— donfowwerf. 


station. 
Date,  and 
Time 
Trawl 
down. 

Kind  6f  Fistu 

SiZX  W  IMCIISS. 

toui 

1 

2 

+ 

8 

+ 

4 
+ 

5 

+ 

6 

+ 

7 

8 

+ 

9 

+ 

10 

+ 

11 

+ 

12 

18 

14 

+ 

15 

+ 

16 

+ 

17 

+ 

18 

+ 

19 

20 

+ 

St^on 

1896. 
Nov.  11. 
85  minutes 

Corsewall 
St^on 

1896. 
Apr.  21. 
25  minutes 

Stotion 

18*6. 

Apr.  21. 

55  minutes 

Stailon 

1896. 
,  Not.  4. 
95  minutes 

1896. 

Not.  4. 

^5  minutes 

J^laddato 
StaMpn 

vm. 

1896. 
Apr.  22. 
15  minutes 

Thomback  skate. 
Lemon  soles. 
Common  dabs,    . 
Sail  flukes,  . 
Long  rough  dabs. 
Gurnard,     . 
Hake,  .        .        . 
Poor-cod,    . 
Dragoncts,  . 
Motella  cimbria, 

to  MuU  of  Cahtyre. 

Witch  soles,        . 
Haddocks,  . 
Cod,    . 
Whitiufrs,  . 
Gurnards,  . 
Poor-cod,    . 
Sand-eels,  . 
LiparU,      . 
Sand  8melt,{ 

Poor-cod,    . 

Long  rough  dabs. 
Poor-cod,    . 
Brassies,     . 

Gotlos,       . 

Poor-cod,    . 
Lipdri*,  sp., 

Tumber^  Pciint. 

Lemon  soled. 
Witch  soles. 
Sail  fluke,  . 
Long  rough  dabs, 
Whitings,    . 
Poor-cod,    . 
Rockllng     (four 
beai-ded) 

• 

2 
2 

1 

'i 

*\ 

18 

's 

2 

1 
16 

1 

87 

* 

4 
7 

82 

5 
8 

5 

e 

1 

8 

i 

a 

it 
\ 

2 
5 
2 
2 

1 
1 

i 
i 

i 

i 
i 

8 
1 

2 

• 

1 
1 

• 
1 

1 

l 
1 

1 

i 

} 

1 

1 

i 
1 

1 

5 

1 
• 

1 

i 

1 

i 

1 

• 
• 

I 

4 

. 

1 

1 

• 

i 

^ 

• 
• 

• 

* 

18 

i 

1 

67 

1* 

I 

: 
: 
J 
: 

84 
1 
1 
6 

57 

6 

1 
89 

i 

6 

48 
10 

88 

i 

1$ 

! 

110 

.  29 


t  OneaiSiliMlitik 


%  One  At  21  Inches. 
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TABLE  C. — Rbcord  op  Observations  madj;  on  Board  the  *  Garland  '  during  1896. 
A.  FISH  CAUabT  (Shrimp  Trawl)— Yllt  FiRtH  of  Clyv^— continued. 


Station, 

SiZB  IN  IKCUXS. 

Date,  and 
Time 

Kind  of  Fish. 

Total. 

1 

Trawl 

1 

2 

8 

4 

6 

6 

7 

8 

9    '  10 

11 

12 

13 

14 

l5 

16 

17 

18 

19 

20 

dovrn. 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

+ 

+ 

+ 

+ 

+ 

Station 

IX. 

1896. 

1 

1 

16 
62 

Apr.  32, 

Lemon  soles. 

1 

4 

6 

8 

4A  minutes 

Witch  soles. 

8 

27 

18 

11 

3 

Long  rough  dabs. 

1 

1 

2 

Whitings,  . 

2 

Gnmards,  . 

• 

1 
2 

Hake, 
Fonr-bearded 

. 

1 

rockling, 

1 

Gobies,        .       . 

87 

Station 

"^■— 

X. 

1896. 

Apr.  22. 

Lemon  soles, 

, 

1 

46  minutes 

Common  dabs,    . 
Witch  solos, 
SaU  fluke,  . 
Long  rough  dabs, 

Gurnards,  . 
Hake,         .        . 

Eockling  *  (four 
bearded) 
Gobies, 

27 

82 

10 

8 

i 

fi 

3 
1 

6 
1 

6 

i 

2 

3 

26 

1 

83 

1 

8 

1 

10 

1 

1 
1 

132 

Pladdato 

Tumberry  Point 

auM^n 

1896. 

Nov.  5. 

Witch  soles. 

, 

I  . 

1 

1 

2 

S5  minutes 

lilil  i  1 

14 
8 

10 
8 

4 

i 
11 

8 

2 
2 

i 

2 

1 

1 

29 
2 

1 

1 

21 

8 
2 

Stetion 

■ 

1* 

68 

1896. 

Nov.  6. 

Witch  soles, 

2 

8 

2 

1 

1 

11 

80  minutes 

Long  rough  dabs, 
Gnmards,  . 
Hake, . 
Poor-cod,    . 

81 
2 

2 

1 
. 
80 

8 
68 

1 

1 

2 

i 

46 

1 

'  8 

86 

ItJ^on 

Oobiui  niger,     . 

8 

2 

6 

151 

1896. 

Not.  6. 

^ 

2 

2 

4 

8ft  mluotes 

Witch  soles. 
Long  rough  dabs, 
Gumaids,  . 
Hake, 
Poor<od,    . 

CMHms  niger,      . 
Dragonets, . 
Motella  eiml>ria,. 

11 

9 
8 

80 
1 

82 

2 
1 

10 
18 
1 

• 

5 
2 

8 

2 

1 

12 
60 
4 
2 
109 
8 
2 
2 
1 

199 

1 

» 

1        '*^^| 
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TABLE  C. — Rbcord  of  Observations  made  on  Board  the  'Garland'  during 
A.  FISH  CAUGHT  {Shrimp  Trawl)— IX,  Upper  Loch  Fyne. 


1896. 


StaUon, 

SiZB  IN  INOHRS. 

Dat<>,  and 

TImo 

Kind  of  Flah. 

1 

1         1         1 

1 

1 

Total. 

Trawl 

1 

2 

3 

4 

5 

6 

7 

8 

9       10  1 

11 

12 

18 

14 

15 

16 

17 

18    in 

20 

down. 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+     + 

+ 

Outiderav 

etoCarndow* 

1 

1896. 

Apr.  27. 

Plaice, 

8 

2  1    . 

4 

1  hour. 

Common  dabs,    . 
Witch  soles. 

1 

^^ 

1 

1 

4 

6 

4 

5 

i 

1 

'•    1    • 

I 
23 

Long  rough  dabs, 

(ir 

-f/') 

62 

11 

.    1    . 

63 

Uraasie, 

1 

1 

2 

Hake, . 

3 

.         .    1 

3 

At  the  ve 

Lompenus, 
ry  bottom  (lower 

1 

1 

I 

1 

1 

t 

4 

KK) 

end) of 

the  Locb.t 

Apr.  27. 

Plaice, 

1 

I 

45  minatee 

Common  dabs,    ^ 
Witch  soles, 

1 

1 

1 

1 

•^ 

V 

b 

2 

4 

4 
23 

4 

17 

19 

6 

8       1 

I 

1 

63 

Cod,    .        .        . 

1 

1 

* 

Gobies, 

2 

3 

.    1    . 

fi 

Lumpcnus, 

8 

2 

. 

1 

•    1    • 

6 

he  head    of    the 

1 
1 

93 

1 

1  Al80  at  t 

Lodi.t 

Apr.  27. 

Lemon  soles, 

1 

. 

1 

,30  mlnutefi 

C*mmon  dabs,    . 

I 

. 

. 

1 

Witch  soles. 

2 

, 

2  1 

1 

Long  rough  dabs, 

3 

16 

7 

2 

1 

1 

• 

• 

• 

• 

1 

. 

80 

34 

^■■^ 

Off  Largy 

more.    IstbauL^ 

Apr.  28. 
[  Same  loc 

Plpc-lsh,    .       .  t    . 

1 

'. 

■ 

I 

aUty.    2nd  haul.! 

1 

Apr.  28. 

Plaice, 

, 

. 

1 

1 

Loch  Gal 

Flounders,  . 

1 

1 

r.t 

9 

Apr.  28. 

Plaice, 

, 

. 

1 

,        . 

1 

20  minutes 

•bkate. 

. 

' 

If 

2 

Luce  Bay 

.t 

4« 

1" 

Apr.  28. 

Plaice, 

1 

• 

• 

3 
2 

Ardiishai 

gBay.t 

1 

Apr.  28. 

Plaice, 

1 

2 

3 

1 

7 

15  mlnutcfl 

• 

• 

• 

1 

• 

• 

1 
g 

Loch  Galr 

to  Mioard  Castle.t 

Apr.  2©. 

i       ■ 

Common  dabs,   . 
Witch  soles, 
^ng  rough  dal». 
Gurnards^  . 
Dragonet,  . 

2 

1 

4 

6 

6 

4 
6 

2 

Z 

i 

12 
2 

28 
2 

1 

1 

40 



' 

' 

From  Notes  by  Captain  Campbell  and  Mr  Daanevig. 
X  From  CapUin  Campbell's  Notes. 


t  From  Mr  Dannerlg*s  Notes. 
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TABLE  C. — Rbcobd  op  Obsbrvations  madb  on  Board  thb  *  Garland'  during    1896. 
A.  FISH  CAUGHT  {Shrimp  Trawl)— IX,  Upper  Loch  YTSiR—corUinued. 


From  Captain  CampbeH's  Notes. 


Station, 
Date,  and 

Kind  of  Fish. 

SiZB  IV  IMOHKS. 

\ 

Time 
Trairl 
down. 

1 
+ 

2 

+ 

8 

+ 

4 
+ 

5 

+ 

6 

+ 

7 

+ 

8 

+ 

9 

+ 

10 

+ 

11 

+ 

12 

+ 

13 

+ 

14 

+ 

15 

+ 

16 

+ 

17 

+ 

IS 

19 

+ 

20 

+ 

Total. 

Castle  La 

1896. 
Apr.  29. 

Apr.  39. 

Crearaeto 
Apr.  29. 

Penmore 
Apr.  29. 

Off  Inrer 
Loch  Sh 

Mays. 
Ifi  nUoates 

Sod  haul. 

Mays. 
ISmlnntea 

Srdhaal 

Mays. 

16  miuntos 

OffCarad 

MayC 
SO  minutes 

Off  Klngl 

Mays. 
SOndnntes 

Off  Ardno 

May  6. 
30  minutes 

chlan  Bay.* 

Common  dabs,  . 
Long  rough  dabs, 
Pogge. 

Crearae.* 
Long  rough  dabs, 

Furnace.* 

Long  rough  dabs, 
Gobies, 

Bay.* 
Long  rough  dabs, 

aray,  round  head  of 
Ira.    IsthanL 

Plaice,        .       . 
Butter-nsh, 
Common  eel. 

Long  rough  dabs, 
OkI,    . 
Gobies,    •  . 

Common  dabs,  . 
Long  rough  dabs, 

ow. 

Plaice, 
Lemon  soles. 
Common  dabs,    . 
\^  itch  soles. 
Long  rough  dabs. 
Cod,    . 
Brassie,      . 
Gurnards,   . 
Gobies,       .       . 

ass  Spit  (Inshore) 
Lemon  soles. 

Cod,    .        .       . 
Gobies,       .        . 
Zeugcptenu, 

Farm. 

Lemon  soles. 
Cod,    . 
Gobies, 

4 
1 

1 

2 

1 

1 

1 

3 
6 

2 

i 

3 
2 

2 
2 

1 

2 
10 

2 

1 

1 

i 

6 

2 
6 

1 
2 

8 

9 

] 

1 

1 

2 

6 

1 
1 

1 
1 

1 
1 

i 

1 
1 

1 

1 
1 

I 

1 

1 
1 

1 

• 

• 

• 

1 

1 

6 
2 
1 

9 

2 

7 

P 

41 

1 

42 

4 

1 
1 

1 

8 

5 
2 
8 

10 

2 
2 
2 

a 

2 

1 
5 
1 

i 

1 
1 

3 

17 

2 

1 
1 
1 
1 

6 

I 
1 

I 

3 
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TABLE  p. — Rbcopp  op  Obsbbvations  madb  on  Boa^d  t^b  *Gablanp'  DUBiNff  I89p. 
A.  FISH  CA1JP5T  {ShHn\p  Trawl)'-lX.  UpppB  JjOC^  fj^iSn-cofUinufd, 


Station, 

SiZK  IN  IXCHSS. 

Date,  and 
Time 

Kind  of  Fish. 

Total. 

1 

1       1 

Trawl 

I 

2 

8 

4 

5 

p 

7 

8 

9      10     11 

12 

13 

H 

15 

16 

17 

18 

19 

20 

down. 

+ 

+ 

4- 

+ 

+ 

+ 

+ 

+ 

+      + 

+ 

+ 

+ 

+    + 

+ 

+ 

+ 

+ 

+ 

Strachur 

Bay. 

1896. 

May  6. 

No  flsh 

, 

, 

, 

, 

, 

30  minutes 
.Castle  La 

chlan  Bay. 

Mays. 

Plaice, 

1 

2* 

30  minutes 

LochGalr. 
Mav6. 

Long  rough  dabs, 
Phace, 

1 

1 

1 

1 

1 

2 

2 

4 

6 

30  minutes 

Co^,    .        .        .. 

Dragonet,  . 

Gobies, 

15  Splnod  stickle- 

3 

i 

3 

4 

1 

1 

• 

. 

K 

1 
4 
1 

North  8ld 
shore). 

back 
e  of  Otter  Spit  (In- 

19 

May  6. 

Plaice, 

, 

. 

, 

. 

1 

1 

. 

, 

2 

40  minutes 
Tarbert  B 

Cod,    . 
ank  (off  Tarbert). 

i 

1 

2 

4 

May  7. 

Lemon  soles, 

. 

2 

, 

1 

1 

1 

6 

40  minutes 

Zeitgopttrus, 
Common  dabs,    . 
Lung  rough  dabs, 
Gurnard,     . 
Brassie,       . 
Dragonet,  . 

1 
2 

1 
1 

1 
1 

1 

1 

i 

1 

1 
1 
1 

16  ! 

Castle  La 

chlan  Bay. 

■"■■ 

Not.  10. 

Common  dabs,    . 

1 

, 

2 

8 

1 

7 

30  minutes 

Witch  soles, 
Long  rough  dabs, 
Cod,    . 

• 

1 

1 

1 

2 

1 

'* 

1 

1 
& 
I 

Loch  Shir 

Hake, 
a  (off  Inveraray). 

1 

1 

15 

Nov.  11. 

Thomback  skate. 

, 

, 

If 

30  minutes 

Common  dabs,    . 
Witch  soles. 

Long  rough  dabs, 
Dragonet,  . 

1 

-2 
4 

12 

19 
1 

8 

4 

2 

1 

1 

1 

1 

. 

*2 

1 

i 

. 

• 

• 

8 

4 

1 

OfTAr 

Gobies, 
dno. 

11 

i 

■ 

15 

79 

"^""' 

Nov.  11. 

Common  dabs,    . 

1 

1 

30  minutes 

Witcli  soles. 
Long  rough  dabs. 

2 

18 

1*6 

3 

fi 

1 

1 

• 

• 

2 
44 

Klnglasst 
Nov.  11. 

Gobies, 

0  Calmdow. 
Witch  soles. 

1 

3 

1 

1 

4 

51 

2 

36  minutes 

Long  rough  dabs, 
Cod,    . 

Gobies,        .        . 
LiparUt  sp.. 

2 

1 

-2 
3 

1 

1 
4 

1 
1 

3 

• 

1 

1 

• 

2 

• 

• 

• 

t 

8 
2 

28 

1 

41 

28  inches,    f  24  Inches. 
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TABLE  C. — ^Rboord  op  Observations  madb  on  Board  thb  'Garland'  during  1896. 
A.  FISH  CAUGHT  (Shrimp  Trawl)— IX,  Uppeb  Loch  YYVH—coiUinued, 


SUtlon, 

SlZ»  IN  iMCBKfl. 

Date,  and 
Time 

Kind  of  Fish. 

;           ^ 

Total. 

Trawl 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15     16 

17 

18 

19 

20 

down. 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-f 

+ 

+ 

+ 

+ 

+ 

+ 

Off  Lowb 

urn  (at  the  bead 

of    the 

Loch). 

,     1896. 

1  Not.  11. 

Common  dabs,   . 

, 

1 

1 

, 

, 

. 

2 

S5  mianteft 

Witch  soles, 
Hake,.        .        . 

• 

• 

1 

• 

1 

. 

1 
1 

1 

Poor  cod,    . 

3 

. 

, 

, 

, 

, 

, 

2 

H 

-? 

Gobies, 

? 

H 

24 

. 

. 

62 

I 

Plpe-flsh,    . 

• 

• 

• 

• 

1 

• 

• 

1 

69 

Locli  Galr. 

Nor.  18. 

Plaice, 

. 

1 

1 

SO  minates 

Fatberlaaher,     . 

, 

^ 

I 

^ 

. 

1 

(I  p.m- 

Butterflsh, . 

1 

, 

^ 

1 

to 

15  hplned  stickle- 

. 

ft 

2 

1 

, 

. 

, 

8 

1.80  p.ro.) 

backs, 

11 

' 

'        ' 

' 
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Part  III. — Fifteenth  Annual  Keport 


TABLE  C. — Record  op  Observations  made  on  Board  tite 
'Garland'  during  1896. 

B.  PELAGIC  FAUNA— I.  Firth  of  Forth. 


Station 
Date,  aud 
Time  Net 

cIowD. 


»taUoM 
I. 

1896. 
Jan.  24. 
IJ  hours. 


Feb.  14. 
2  hours. 


SIlltlOM 
II. 

1896. 

Jan.  24. 

1^  hours. 


SUltlOM 

III. 

1896. 

Jan.  20. 

3^  hours. 


Feb.  13. 
3  hours. 


HUitloM 
IV. 

1896. 

Jan.  21. 

3^*5  hours. 

Fob.  20. 
3^  hours. 


Net. 


Organisms  Cafturrd. 


Thysanoessa^  sp.  fr. ;  PanUhemisto  dblima^  ab.  ;  Calantisfinmarchicus, 

fr. ;  SagiUUf  fr. ;  young  herring,  f. 
Thysanoessa^  sp.  r.;  Parathemisto  oblima,  t.\  Hypcroche  tauHformis^ 

r.;  Metopaj  sp.  r.;   Oalanus  JinmarchicuSf  fr.;   Callgua  rapaa,  fr.; 

SagiUUt  c;  TomopteriSf  c. 

Parathemiato  oblivia,   c. ;  Calanus  Jinmarchicus^  c  ;    Sagiita,  fr. ; 

Ctenophora,  f. 
Thymnoessat  fr. ;  Parathemisto  dUivia^  f.;  Hyptroche  tauriformi»,  r.; 

Peroculode^  longimanti*^  f. ;    Calanus  finmarchicus^  it. ;   Candace 

pectinata^  f.  ;  AUeutha^  sp.  f.  ;   Caligus  rapax,  fr.  ;  Sagitia^  fr.  ; 

TomopteriSj  f.;  Ctenophora,  f.;  young  Crustacea,  f.;  young  Ophiu- 

roid,  starfish,  f. 


Thysanoessaf  sp.  f. ;  Paraihemisto  oblimOj  fr. ;  Calanus  finmarchicuSf 

c.;  SaffUia^  I. 
Pdycera,    sp.    one    specimen ;    ThyMnoesm^    sp.   r. ;    Paraihemisto 

oUiiHay  r. ;  Hyperoche  lauri/ortnis,  r.  ;   Calanus  finmarchicus^  c. ; 

Caligus  rapax,  fr. :  Sag  ilia  ^  fr. ;  TomopteriSy  r. ;  young  starfish,  r. 


Thysanoessa,  9,1^.  fr.;  Paraihemisto  dbliviay  c.;  Calanus  Jinmarchieus, 

fr.;  SagiltOyf. 
Thysanoessa,   sp.  c;  Mysidopais  gibbosa,  f.  ;  Pandalus  Montagui^ 

r.;  Hyperoche  taunformis,  fr.;  Parathemisto  obliviay   f.;  Calanus 

JinmanhicuSy  c. ;   Caligus  rapax,  f.;  Sagiita,  ab.;   TomopteriSf  f.; 

Ctenophora,  f. ;  young  herring,  r. 

Thysanoessa,  sp.  r.;  Parathemisto  obliviay  c;  Calanus  JinmarchicuSy  f. 
Macropsis  Slahberiy   f. ;  Mysis  JlexuosuSy  f. ;  Erylhrops  Ooesiiy   fr. ; 

Mysis  omalusy  f. ;  Mysis  spiriltiSy  f.  ;  Paratketnisto  obliviay  fr. ; 

Lyanasidea,  f. ;  Paralylus  sioammerdamiy  f. ;  Iphimidea  ol>esay  f.  ; 

Calanus  /inmarchicuSy  f.;    AUeulhay   sp.    f.;    Caligus   rapax,   f.; 

Sagiita,   ab.  ;    TofinopteriSy   f.;  (additional),  Pandalus  MorUaguiy 

r. ;  Hyperoche  taurijormisy  r. ;  DiastyluSy  sp.  f. ;  Periocvlodes  iongi- 

manusy  f.;  young  lamelllbranchs,  fr.;  poet-larval  fishes,  one  specimen ; 

Ctenophora,  f. 


Euphansids,  r.  ;  Parathemisto  oblivia,  c.  ;  Eurydice  pulehr^y  one ; 

Calanus  finmarchicuSy  f. ;  Sagiltay  f. 
Euphansidoe,  r. ;  Hyperoche  tauri/omiis,  r.;  ffyperia  gatba,  r. ;  Calanus 

JinmarchicuSy  fr. ;  Caligus  rapdx,  f. ;  Scigittay  fr. 

Parathemisto  oblitna,  r.;  Caligus  rapax,  v.;  a  considerable  quantity  of 
mud  in  suspension  in  the  water. 

.fio^M  viridis  (?),  one  specimen  ;  JSoZw  Landsburghi  (^?),  one  specimen  ; 
Polycera  ocdlatay  r.;  Mysis  spirilus,  one  specimen;  Pandalus 
Montagui,  one  specimen ;  Calanus  JinmarchicuSy  c. ;  TVwiom 
longicomiSy  f.;  Psfudocatamis el4)7igaluSy  fr.;  -ilcartwt,  sp.  r;  Caligus 
rapaXy  fr. ;  young  lamellibranchs,  f. ;  young  Crustacea^  f. ;  Sagiita, 
fr. ;  young  pipe-fish,  one  specimen  ;  post-larval  fishes,  f. 
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TABLE  C. — Rbgord  op  Observations  made  on  Board  the 
'Garland'  during  1896. 

B.  PELAGIC  FAUNA— L  Firth  of  YoKTE—eoniinued, 


Station, 

Date,  and 

Time  Net 

down. 


Net. 


OBGAinsHS  Captured. 


V. 

1896. 
Jan.  80. 

hoars. 


Feb.  19. 


VI. 

Jan.  30. 
ff  hotirs. 


Feb.  19. 
^  hours. 


Stailom 
VII. 

Jan.  80. 

hours. 

Feb.  19. 
hours. 


gtaiion 
VIII. 

Jan.  29. 

hours. 

Feb.  la 
2  hoars. 


SUitlom 
IX. 

Jan  29. 

hoars. 


Feb.  la 
2  hoars. 


PanUhemisto  obliviaf  f.;  Hyperoche  tauHformiSj  r.;  Calanus  Jinmar- 
chicus,  c.  ;  Sagitia,  ft, ;  foTnopteris,  t.  ;  Ctenophora,  f. 

Thysanoessa,  sp.  f.;  Pcauthemisto  dUiviay  f.;  Hyperoche  taurtformis^ 
r.  ;  Paratylus,  sp.  fr.  ;  CcUanug  Jinmarchicus,  fr.  ;  Sagitta,  fr.  ; 
TomoptejiSf  f.;  Ctenophora,  f. 

Parathemisto  (Mivia,  f. ;  Ccdanus  fininarchicuSi  r.;  SapUta^  f. 

Thysanoesstty  sp.  r. ;  Mysis,  sp.  r. ;  Pseudocuma  cercana,  r. ,  Caliaoma 
crenata,  fr.;  ParatyhiSy  sp.  f.;  Calanus  Jinmarchicus,  fr.  ;  Caligus 
rajaaXf  fr. ;  Sagittal  c. ;  young  lamellibranchs,  fr.  ;  young  Ophia- 
rios,  fr. 


Paraiheviisto  oblivia,  fr.;  Paratylus,  sp.  f.;  CalanvA finrnarchicus^  fr.; 

Sagitta^  c.  ;  TomcypteriSy  fr.  ;  Ctenophora,  fr. 
MystSy  sp.   r.;  Parathemisto  oblivia,  f.;  Calanus  JinmarchicuSj  fr.; 

Caligus  rapax,  fr.;  Sagitta^  fr. 

ParcUhemisto  oblivia,  f. ;  Calanus Jinmarchicus,  f. ;  Sagitta,  r. 
Thysanoessttf  sp.  f.  ;  Mysis  spiritus,  r. ;  Parathemisto  oblivia^  r.  ; 
CoZisoma  crenoto,  f.;  Calanus  Jinmarchicus^  f.;  Tonora  longicomis, 
r.;  Caligus  rapax,  fr.  ;  Sagittaj  c;  young  Crustacea,  f.  ;  young 
starfishes,  f. 


Parathemisto  oblivia^  c;  Calanus /inmarchious,  f.;  Sagitta^  f. 
Eryth/rops  Ooesiij  t;  Parathemisto  oblivia,  fr. ;  Hyperoche  tauriformis, 

r.;  Calisoma  crenata,  f.j  Paratylus,  sp.  f.;  Calanus  Jinmarchicus,  f.; 

Caligus rapax,  f.;  Sagitta,  c;  zVwiopteris,  fr.;  Ctenophora,  f. 

Parathemisto  obliria,  f.;  Calanus  Jinmarchicus,  r.;  Sagitta,  r. 
Parathemisto  oblivia,  r.  ;  Calisoma  crenata,  r.;  Paratylus  swammer- 

damiff.  ;  Calanus  Jinmarchicus,  f.;  Caligus  rapax,  fr.;  Sagitta,  c; 

young  Lamellibranchs,  f.;  young  Ophiurids,  r. 


Parathemisto  oblivia,  fr. ;  Calanus  Jinmarchicus,  c. ;  Sagitta,  f. 
Pa/raihemisto  oblivia,  r.;  Hyperoche  tawriformis,  r.;  Paratmus,  sp.  r.; 

Ccdanus Jinmarchicus,  f.;  Caligus  rapax,  r.;  Sagitta,  c;  Tomopteris, 

fr. ;  Ctenophora,  £. 

Parathemisto  oblivia,  f.  ;  Ccdanus  Jinmarchicus,  r. ;  Acartia,  sp.  f. ; 
Caligus  rapax,  r. ;  Sagitta,  r. 

2%]/«ano«Ma,  sp.  f.;  Parathemisto  oblivia,  f.;  Calisoma  crenata,  r.; 
Metopa,  sp.  r. ;  Paratylus,  sp.  f.^  OitonKj/fnfnarcAi^ntf,  fr.;  AltetUha, 
sp.  r.;  Caligus  rapax,  f.;  Sagttta,  ab.;  TVwnop^i*,  c;  young  star- 
fish (Ophiuroids),  f. 


Parathemisto  oblivia,  fr. ;  Calanus  Jinmarchictts,  c. ;  Sagitta,  fr. 
Thysanoessa,  sp.  f.;  Erythrops  Ooesii,  r.;  Mysis,  sp.  r.;  Pseudocuma 
cercariay  f. ;  Parathemisto  oblivia,  f. ;  Calisoma  crenata,  r. ;  Paratylus, 
sp.  f.;  Cleoneborealis,  1  specimen;  Calanus  Jinmarchicus,  f.;  Caligus 
rapax,  r. ;  Sagitta,  c ;  Tomopteris,  f. ;  Ctenophora,  f. 

Parathemisto  oblivia,  r. ;  Calanus  Jinmarchicus,  f. ;  Sagitta,  r. 
Parathemisto  oblivia,  f.  ;  Paratylus,  sp.  f.  ;  Cotewiw  yJ»«Mirc^ici«, 

f.;  Caligus  rapax,  f.;  Sagitta,  c;  young  Gastropod  Mollasca,  f.  ; 

young  Lamellioranch  MoUusca,  fr. ;  young  Ophiunds,  fr. 
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Part  IIL — FifUenth  Ann/ual  Bepart 


TABLE  C. — BscoBD  of  Obsebvatioks  made  on  Board  thb 
'Garland'  during  1896. 

B.  PELAGIC  FAUKA— L  Firth  of  To^TU-^coniinued, 


Station, 

Date,  and 

Time  Net 

down. 


Net. 


Oboavisicb  Caftubid. 


gtaUan 

X. 

1896. 
Jan.  25. 
^hour. 


Feb.  12. 
i  hour. 


StaU«m 
I. 

Jan.  14. 

hours. 

a 

B. 

Feb.  6. 
2  hours. 

S. 
B. 

Stailom 

Jan.  17. 
2  hours. 

S. 
B. 

Feb.  7. 
1|  hours. 

S. 
B. 

gtatlom 
iir. 

Jan.  17. 

hours. 

8. 
B. 

Feb.  7. 
hours. 

S. 
B. 

Statlom 
IT. 

Jan.  14. 

hours. 

S. 
B. 

Parathemisto  dblivuiy  f.;  CcUanus  fttmardUaUf  r.;  a  contiderablo 

quantity  of  mud  in  suspension  in  the  water. 
Maoropais  sldbberi,  fr. ;  ParcUhemiato  oblivia,  r.;  CtUanui/bifnarchieuSf 

f. ;  SagiUa^  f. ;  two  young  herrings. 

Macropsis  Slabberiy  f. ;  Parathemisto  oblimaf  f. ;  CalanusJinmarchietiSt 
r.;  Caligus  rapax^  f. ;  SagittOj  f.;  young  Crustacea,  r. 

Crengon  AUmanni,  fir.;  Pandalus  Montagui,  1  specimen;  HippolyU 
puaiolat  1  specimen  ;  ViHnuB  fa$ciger^  r.;  Macropsis,  Slaboerif  f.j 
Oastrosaceua  spinifer,  f.;  Mysis  JUxmsus^  r.;  My  sis  omatus,  f.\ 
Diastylus,  sp.  f.;  Parathemisto  (Mivia,  f.;  Byperoche  tauri/brmis, 
Paratylus,  sp.  f. 

II.  St  Amdbews  Bat. 


Thysanoessa,  sp.  f.  ;  Parathemisto  oUiviay  c. ;  CalanitsJtnmarehicuSy  f. 

Mysis  omatHS,  f.  ;  LiptamysiSy  sp.  r. ;  Erythrops.  (jun.),  r.  ;  Para- 
themisto oblivia,  t.  ;  Calanus  ^nmarehicus,  f.  ;  Temora  longicomiSf 
r. ;  Sagittaj  ab. ;  Tomopteris,  fr, ;  Ctenophora,  f. 

Parathemisto  obliviaf  c.  ;  CaZanus finm^irchicus,  fr. ;  Sagitta,  fr, 
Parathemisto  oblivia,  f.  ;  Calanus  finmarchieus,t,  ;  Caiigus  rapax,  t ; 
Sagitta,  f. ;  young  starfish,  t 


Thysanoessa,  sp.  f.  ;  Parathemisto  oblima,  c. :  Hyperoche  iauriformis, 

r.  ;  Calanus  JinmarchictUf  f. ;  Ctenophora,  f. 
Thysanoessa.  sp.  f.  ;  Mysis,  sp.  fr.  ;  Eruthrops  Ooesi,  f.  ;  Diastylus.  sp. 

r.  ;  Parathemisto  oblima,  t, ;  Hyperoche  taurtformis,  f. ;  PenoculoiUs 

longimanus,  r. ;    Calanus  finmarohicuSy   fr.  ;   Caligw  rapax^  r. ; 

Sagitta,  ab. ;  Tomopteris,  fr. 

Parathemisto  oblivia,  fr.  ;  Calanus  Jinmar^icus,  f, ;  Caiigus  rapax, 

r.  ;  Saqitta,  f. 
Macropsis  Slabberi,  t  ;  Parathemisto  obUvia,  r. ;  Oitonit^  Jlnmarchi 

cus,  f.  ;  Candace  pectinata,  •  r.  ;  Caiigus  rapax,  fr.  j  Sagitta,  f,  ; 

young  Crustacea,  f. 


2%y«artoe«80,  sp.  f. ;  Parathemisto oblivia,  c  ;  OaZemiM/SnmarcAteiM,  f . 
Thysanoessa,  sp.    f.  ;   Parathemisto  oUivia,    fr.  ;   Hyperoche  tauri- 

/ormis,  f.  ;  Paratylus,  sp.  r. ;  Diastylus,  sp.  r. ;  Calanus  Jmmarcht 

CHS,  fr.  ;   Cam^oce  ,p«c/«nate,  r.  ;  Caiigus  rapax,  t ;  Sagitta,  o. ; 

Tomopteris,  fr. ;   young  lamellibranoh  moUusoa,  f. ;  young  Crus« 

tacea,  f. 

Parathemisto  oblivia,  c. ;  Calanus  finniarchicus,  t, ;  SagittOt  t  ;  Cteno. 

phora,  r. 
Macropsis  Slabberi,  f. ;  Parathemisto  oblivia,  r. ;  Calanus  Jinmarchicus, 

t ;  Caiigus  rapax,  c  ;  Sagitta,  f. ;  young  Crustacea,  f. 

Thysanoessa,  sp.  f  ;  Parathemisto  oblivia,  fr. ;  Ca2anti«  Jinmarchicu9, 

t ;  Caiigus  rapax,  r.  ;  Sagitta,  f . 
Orangon  aUmanni,   t,  ;   Mysis  lamome.   r,  {   Ifym  /«a;MO«u«,  r.  ; 

Macropsis  Slabberi,  f .  ;  Parathemisto  oUivia,  t,  j  Hyperoche  taurx- 

formis,  f.  ;  Paratylua  Swammerdami,  f. ;  Jdo^  linearis,  r. ;  Calanus 

/mmarchicus,  f. ;  Sagitta,  fr. ;  Ctenophora,  f. 
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TABLE  0. — ^Eboord  op  Obsbbvations  made  on  Board  thk 
'Garland'  during  1896. 


B.  PELAGIC  FAUNA— II.  St  Andbbws  Bay— c(mtinued. 


Station, 
Date,  and 
Time  Net 

down. 


Net 


Organisms  Captubkd. 


1896. 
Feb.  6. 

hours. 


StaUom 
T. 

Jan.  14. 
2  hours. 


Feb.  6. 
2  hours. 


SUitlom 

Jan.  17. 
IH^oun* 

Feb.  5. 
IHl^ours. 


StaMom 
I. 

Aug.  26. 
2  hours. 

S. 
B. 

Oct  16. 
2  hours. 

S. 

B. 

Nov.  27. 
g^hoursL 

S. 

B. 

gtatlom 
11. 

Aug.  21. 
2  hours. 

S. 

B. 

Parathemisto  oblivia,  fr. ;  Eurydtce  ptdchra,  1  specimen ;  Calanus  Jin- 
marchicusyt, :  Acartia^  sp.  r.  ;  Caligtis  rapax,  r.  ;  Sa^itta^  t. 

Macropsis  Slaboerif  fr. ;  Thysanoessay  r.  ;  Parathemisto  oblivia^  f.  ; 
Hyperoche  tawnformis,  r.  ;  Paratylua  Swammerdami,  f.  ;  Idotea 
marina,  r. ;  Idotea  linearis,  4  specimens  ;  Calanus  Jinmarchicus,  f. ; 
CaliffM  rapax,  fr. ;  Sagitia,  t 


Thysanoessa,  sp.  r. ;  Parathemisto  oblivia,  c. ;  Calanus  Jinmarchicus, 

fr.  ;  Sagitta,  f. 
Thysanoessa,  sp.  f. ;  Parathemisto  oblivia,  f.  ;  Calanus  Jinmarchieus, 

fr.  ;  Sagittaj  c. ;  Tomopteris,  f. ;  Ctenopbora,  f.  ;  CaZigus  rapax,  f.  ; 

Parathemisto  oblivia,  fr.  ;  Calanus  jinmarchieus,  f.  ;  Caligus  rapax,  r, 

Sagitta,  f. 
Hyperoche  tauriformis,  r.  ;  Calantts  Jinmarchieus,  f. ;  Caligus  rapax, 

i.  \  Ctenophora,  fr. 


Thysanoessa,  sp.  r. ;  Parathemisto  oblivia,  fr. ;  Calanus  Jinmarchieus,  f. 
Crangon  aUmanni,  fr. ;  Parathemisto  oblivia,  f. ;  Calanus  finmarchicus, 
f.;  Sagitta,  ab.;  Tomopteris,  f. 

Parathemisto  oblivia,  f. ;  Hyperoche  tauriformis,  r. ;  Calanus  Jinmarchi- 
eus, f. ;  Sagitta,  f. 

Euphansidse,  f.;  Parathemisto  oblivia,  fr.;  Uyperia,  sp.  f.;  Calisoma 
crenata,  fr. ;  Paratylus,  sp.  fr. ;  Calanus  /imnarchicus,  f. ;  Caligus 
rapaxy  f.;  Sagitta,  c 


III.  MoBAY  Firth. 


Young  lumpsuckers,  2.    Young  pipe-fish,  1.    Calanus  Jinmarchieus,  r.; 

Ctenopbora,  c.     Fish  ova,  r.     Young  Cruf?tacea,  f. 
Calanus  Jinmarchieus,  r.;  Ctenopbora,  c.  Young  Crustacea,  f.;  P.L. 

fishes,  r. 

Idotea  marina,  3.  Parathemisto  oblivia,  r.;  Calanus  Jinmarchieus,  r.; 

Caligus  rapax,  r. ;  Sagitta,  r. ;  Tomopterus,  r. ;  Ctenopbora,  f. ;  young 

Crustacea,  f.;  young  flat  fish,  1. 
PartUhemisto,  r.;  Calanus  Jinmarchieus,  fr.;  Temara  longicomis,  f.; 

Sagitta,  c. ;  Ctenopbora,  fr. ;  Tonwpteris,  fr. ;  young  Crustacea,  fr. 

Clione  borealis,  six.  Spirialis  rctroversits,  f.;  Salpa,  sp.,  two.  (?)  Hy- 
peria,  sp. ;  two.  Parathemisto,  sp.  fr. ;  Mdita  obtu-sata,  one.  Idotea 
tricusptdata,  one.  Calanus  finvmrchicus,  f. ;  Cenlropages  typicus, 
f.;  Sagitta,  fr.;  Tomopteris,  1.  Ctenopbora,  fr.;  young  Crustacea, 
f.    A  quantity  of  zostera, 

jEgirus  punctUucens,  one.  Spirialis  retroversus,  f.;  Acartia,  sp.,  r.; 
Caligus  rapax,  one.    Ctenopbora,  r. 


Parathemisto  (?)  oblivia,   f. ;  Calanus  Jinmarchieus,  fr. ;  Centropages 

typicus,  f.'   Anomalocera  PalersonH^   f.;  Ctenopbera,  fr.;   young 

Crustacea,  fr, ;  young  fishes,  f. 
J?o2is,  sp.  r.;  Hyperia  galba,  r.;  Calanus  /i^marchicus,f.;  Centrcpages 

typicus,  r.;  Anomalocera  Pater sonii,  r.j  Caligus  rapax,  r.;  ilncciw, 

sp.  ( 9 )  r. ;  young  Crustacea,  f. 
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Part  IIL — Fifteenth  Anntial  Report 


TABLE  C. — Record  op  Observations  made  on  board  the 
'Garland'  during  1896. 

B.  PELAGIC  FAUNA— III.  Moray  YiVLTU—cimlinued, 


Station, 

Date,  and 

Time  Net 

down. 


1896. 
Oct  16. 
2  hours. 


Nov.  23. 
1  hour  56 
minutes. 


fttatton 
IU« 

Au«.  22. 
l^nours. 


Oct.  20. 
IjV^ours. 


Nov.  24. 
\\  hour. 


Station 
IT. 

Aug.  24. 

hours. 


Oct.  28. 
2  hours. 


Nov.  25. 
2  hours. 


Station 
V. 

Aug.  24. 

hours. 


Net. 


S. 


Organisms  Caftubed. 


Borciophausidse,  f.;  Idotea  mmrinay  one.  Parctthemisto  (?)  dblivia  (jun), 
f.;  Calanus  finmarchicuSj  f.;  Centropages  typieus,  r.;  Sagittal  r.; 
Tomopteris  onici/ormis,  fr.j  Ctenophcra,  f.;  young  decapod  Crus- 
tacea, f . 

Hjfperia  qalba,  one.  Hyperoche  taurt/ormts,  (Bate)^  one.  Calanus 
JinmarchicuSf  ab.;  Jthincalanus  Oigas,  one.  SagtUa,  c;  Tomop- 
ieriSf  fr.    Ctenophera,  fr. 

Paraihemisto  oblivia,  f.;  Paratylus  sioammerdami,  one.  Calanus 
JijimarchicuSf  fr.;  Acartia  Clausiiy  f.;  Centropages  hamatuSf  f.; 
Sagitta,  fr. ;  Ctenophora,  r. ;  young  Crustacea,  fr. 

Salpa^oniA,  Calanus ^nmarchicus.r.;  TemoraUmgicomiSft.;  Centro- 
pages hamalus,  f.;  Caligus,  f.;  Sagitta,  fr.;  Ctenophora,  r.;  Tomop- 
teriSf  r. ;  young  starfish,  r. 

Hyperoche,  r.;  Acartia  Ctausii^  r.;  Centropages  typums,  r.j  Caligus 
rapaXf  r.;  Ctenophora^  f.;  Diatomacea  and  Infusoria,  i.;  youug 
Idotea^  one.     young  pipe  fishes,  five,     fish  ova,  r. 

Paratylus f  sp.  r.;  Byperocke,  f.;  Acartia,  f.;  Caligus  rapax,  r.; 
Ctenophora,  c. ;  young  Crustacea,  f.  post-larval  fishes,  fr. 

Idotea  marina,  one.  Paraihemisto  (?)  oblivia^  one.  Oamnutrus,  sp. 
one.     Caligus  rapax,  r.;  Ctenophora,  r.;  young  Crustacea,  f. 

rtrfttiAJ  fasciger,  r.;  Pandalus  Montagui,  one.  Mysis  flexuosus, 
f.;  Oastrosaccus  spinifer,f.\  Hyperoche,  one.  Iphimedia,  sp.,  one. 
Microprotopus  maculatus,  r.;  Paratylus  Swammerdami,  f.;  ^caWta 
Clausti,  r.;  T«?w>ra  Umgicomis,  fr.;  Paraponteila,  one.  Ce»<ra- 
j?a^e«  ^ypu^uj,  r.;  Alteutha,  sp.  f.;  Caligus  rapax,  f.;  Ctenophora, 
fr.;  young  /do<m,  r. 

Mysts  Jlexuosus,  r.;  Parathemisto,  r.;  Calanus  finmarchicus,  f.;  fe- 
mora longicomis,  f.;  Acartia  Clausii,  f.;  Idotea  marina^  one.  Co/t- 
^ti*  rapax,  f. ;  Jonesiella,  sp.  r. ;  Ctenophora,  f. 

Pseudocuma  cercaria,  one.  AmpHiilochus  tnanudens,  one.  Oitana 
Sarsiiy  one.  aTewora  Umgicomis,  f.;  AltetUha,  sp.  r.;  young  Crus- 
tacea, f.;  a  considerable  quantity  of  half  rotten  comibinuted  weed. 

Hyperia  gaiba,  f. ;  Hyperoche,  r.  ;  Calanus  finmarehicus,  f.  ;  Centro- 
pages typicus,  r. ;  Ctenophora,  fr.  ;  young  Crustacea,  f.  ;  young 
Gastropod  MoHusca,  f. ;  fish  ova,  r. 

Calanus Jinmarchicus,t  ;  Acartia  Clausii,  r.  ;  Parathemisio  (1)  oblivia, 
T.  ;  Ctenophora,  fr.  ;  young  Crustacea,  ab.  ;  post-larval  fishes,  c. 

Idotea  marina,  one. ;    ^  car^ui  Clausii,   r.  ;   7*«iMwia  longicomis,  r. ; 

Parathetnisto  (?)  oblivia,  r. ;  Sagitta,  f. ;  Tomoptem,  r. ;  Ceratium 

fuscus,  f. ;  Ctenophora,  f. ;  young  Crustacea,  f. 
Hyperia  ofdba  (jun.),  f. ;  Paraihemisto  (?)  oblivia  (iun.),  r. ;  Calanus 

jtnmarcnicus,    fr.  ;  Tcwwra   longicomis,    r.  ;  Caligus   rapax,    fr.  ; 

Sagitta,  fr. ;  TVwiopterw,  f. ;  Ctenophora,  c.  ;  young  Crustacea,  f. ; 

young  pipe-fish,  one ;  post-larval  fishes,  r. 

Pleiirobrachia,  ab. 

Calanus  Jinmarchicus,   v.   f. ;  Tinnom  longicomis,   f. ;  Sagitta,   f.  ; 

ToTnopteris,  r.  ;  Ctenophora,  r.  ;  a  small  quantity  of  comminuted 

weed. 


Hyperoche,  T,;  Parathe»iisto,T,;  Calanusjinmarchicus,  f.;  Centropages 
typicus.  T.  ;  Ctenophora,  fr.  ;  voung Crustacea,  ab.  ;  Aurelia  aurita, 
one ;  post-larval  fish,  one  ;  fish  ova,  f. 

Calanus  jmnarchic%is,  f.  ;  Acartia  Clausii,  r. ;  Paraihemisto,  r. ; 
Ctenophora,  f. ;  young  Crustacea,  c  ;  post-IarvaJ  fishes,  fr. 
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TABLE  C. — Record  op  Obseevations  made  on  Board  the 
'Garland'  during  1896. 

B.  PELAGIC  FAUNA— III.  Moray  Firth— <»n/intt«?. 


Station, 

Date,  and 

Time  Net 

down. 

Net. 

1896. 
Oct.  23. 

hours. 

S. 
B. 

Nov.  25. 
hours. 

S. 
B. 

StaUon 
VI. 

Aug.  25. 

hours. 

a 

B. 

Oct  23. 
hours. 

S. 
B. 

Nov.  25. 
hours. 

S. 
B. 

Aug.  25. 
hours. 

S. 

B. 

Station 
TU. 

Oct.  28. 
2  hours. 

S. 
B. 

Nov.  26. 
hours. 

S. 
B, 

Station 
Vllf. 

Aug.  25. 
1)1  hours. 

S. 

B. 

Oct.  24. 
\\%  hours. 

S. 
B. 

Obqanisms  Caftxtbbd. 


Hyperochej  one ;  Paraihemisto  Oun.),  't. ;  Calanus  /inmarchdcus,  r. ; 

Acartta  Clausiif  f. ;  Temora  longicomis^  r. ;  SagUta,  f. ;  Ctenopnora, 

f.  ;  young  Crustacea,  r. 
Hyperoche  taur^formis  [sp,  Bate),fr. ;  ParathemUto  (jun.),  f. ;  CQlantu 

/inmarchicust  fr.  ;  Temora  lonfficomis^  r. ;  Centropagea  typicus^  r.  ; 

Caligus  rapaxy  f. ;  Sagitta^  fr. ;  Tomopterla^  fr. ;  Ctenopnora,  fr.  ; 

young  Cephalopod,  one  ;  young  Crustacea,  f. ;  post-larval  fishes,  f. 

Hyperoche^  v.  r.  ;  Parathemisto,  v.  r. ;  Pleurobrachiay  ab. 
CatantLsJinmarchicuSf  r. ;  Caligus  rapax,  f. ;  Sagittay  r. ;  Tomopteris, 
r. 


ffyperia  galba^  it. ;  Calanw  finmarcfUcuSj  f. ;  Acartiay  sp.,  f.  ;  Cteno- 

pkora,  fr. ;  Aurdia  auriia,  one ;  young  Crustacea,  fr. ;  post-larval 

fishes,  r.  ;  finh  ova,  f. 
ffyperia  galbaj6{aiost  jun.),  f. ;  Calanus  ftnmarchicuSt  t ;  Acartixiy 

sp.,  f .  ;  SagiUay  f. ;  Ctenophora,  c  ;  young  Crustacea,  fr. ;  young 

Gastropod  Mollusca,  fr. ;  young  fish,  tr. 

ffyperoche  taurifomUsy  one ;  SagUtay  r. ;  Tonwpleris,  r. ;  Ctenophora, 

c. ;  young  Crustacea,  f. 
Hyperoche^  f. ;  Calanus finmarchicuSy  f. ;  Temora  longicomisy  f. ;  Cali- 

gus  rapaXf  f. ;  Sagitta,  f. ;  Ctenophora,  ab. ;  young  fishes,  f. 

Pleurobrachiay  ab. 

Paralylus  Swammerdamiy  r. ;  Temora  longicomiSy  f. ;  Acartta  Clausiiy 

f. ;  Caligus  rapax,  r. ;  Sagitta,  r. ;  Tomopteris,  r.;  Alteutha,  sp.,  r.; 

young  Crustacea  {Mysis,  sp.  ?),  r. ;  Pleurobrachiay  f.  ;  commiuuted 

weed,  a  small  quantity. 

Calanus  JinmarchicuSy  r.  ;  Acartia,  sp.,  f. ;  Ctenophora,  f.  ;  young 
Crustacea,  fr. ;  young  rocklbg,  two  ;  young  lumpsucker,  one ;  fish 
ova,  f.    . 

Hyperoche  tauriformisy  f. ;  Parathemisto  (?)  oblivia,  f. ;  AnceuSy  sp., 


r.  ;  Calanus  finmarchicus,  fr. ;  Caligus  rapaxyt ;  Sagittay  f.  ;  young 
Cephalopoda,  r.  ;  young  Crustacea,  f. ;  young  Gastropod  Mollusca, 
c. ;  young  Ophiuridn,  i.  ;  post-larval  fishes,  fr. 


ScdpcSy  r. ;  Ctenophora,  fr. 

ffyperoche  tauriformiSy  f.  ;  ParathemistOy  r.  ;  CcUanus  jlnmurchicus, 

t ;  Temtyra  longicomiSy  t ;  SaljHBy  fr.  ;  Sagittay  fr.  ;  Ctenophora,  c; 

young  MytUuSy  f.  ;  young  Ophiwidai,  f. 

ffyperochcy  r. ;  Calanus  JinmarchicuSy  r. ;  Tetnora  longicornisy   r. ; 

Acartia  Clausiiy  f.  ;  Tomopteris,  r. ;  Pleurobrachiay  fr. 
CaUmvAjinmarchicuSy  r. ;  Temora  longicomisy  t  ;  Acartia  Clausiiy  r.  ; 

Sagitta,  fr. ;  TomopieriSy  r. ;  Ctenophora,  f. 

Calanus  JinmarchicuSyf.;  Ceniropages  lyvicuSy  t.  ;  Anomalocera  Pater- 
soniiy  f.;  ScUjxiy  one;  Ctenophoray  f.;  laive  Medusa,  f.;  young  fishes 
(Rockling,  fee.),  f.  ;  Fish  ova,  f. ;  young  Crustacea,  c. 

Hyperoche  tanriformiSy  f.  ;  Calanus  finmarchicus,  f.  ;  Caligus  rapax, 
fr.;  Sagitta,  f.;  TomopteriSy  f.  ;  Ctenophora,  fr.;  young  Crustacea, 
fr. ;  young  Gastropod  molusca,  c. ;  Anceusy  sp.  f. 

Acartia,  sp.  r.;  very  little  in  net. 

Borecphausidce,  f.;  Crangon  AUmanniy  f.;  My  sis  omaluSy  r. ;  Ery- 
throps  pygmkay  r.  ;  Pseudocuma,  sp.  r.;  Am  phi  pods  {ParaihemistOy 
taltsomay  TryphositeSy  dsc),  several ;  Aiiceus,  sp.  ( <J )  one  ;  Philo- 
medes  interpitncta,  one  ;  Valanus  finmarchicusy  r. ;  Temora  longi- 
comis,  f.;  Caligus  rapax,  t;  Planaria,  sp.,  one;  Ctenophora,  c; 
young  Crustacea,  f.;  several  young  fishes  {Oobius), 
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Pari  III. — Fiftemth  Annual  Bqxni 


TABLE  C. — Rbcord  op  Obskrvatioks  madb  on  Board  thb 
'Garland'  during  1896. 


B.  PELAGIC  FAU5TA— IIL  Moray  Firth— awUiwM^rf. 


Station, 

Date,  and 

Time  Net 

down. 


Net. 


OROAinBHs  Captured. 


1896. 
Nov.  26. 
l\^  hours. 

Station 
IX. 

Auff.  25. 
1 J  hours. 


Oct.  24. 
in  hours. 


Nov.  26. 
1[{[  hours. 


StaUom 
X. 

Aug.  2t5. 
2  hours. 


Oct.  24. 
If  I  hours. 


Nov.  27. 
1}  J  hours. 


Stiitlaii 
XI. 

Oct.  15. 
2  hours. 

Stiitioii 
XII. 

Oct.  15. 
2  hours. 


PleiirobrachuZy  ab.;  young  Crustacea,  r.;  Calauiu /Inmarehieus^  r.; 
Toiwra  longicomia^  fr.;  Caligus  rapaz,  r.;  Sagittaf  f.;  Tomopieris, 
r.;  Ctenophora,  t 

Calamis  fimiuirchicus^   f.  ;    Centropages  typicus^  f. ;  Salpa^  sp.  r. ; 

Ctenophora,  f.;  young  Crustacea,  f.;  young  fish,  r.;  Fish  ova,  f. 
Spirialis  retrovcrsus^  f. ;  Oastrosacous  spinifer^  f. ;  Amphipoda  {ffupe- 

roche,    Parathemisto,  Argissa)^    fr. ;    Calanus  finmarchicuSf   fr.  ; 

Temora  longicomis,  r.  ;  Caligm  rapax,  f ;  Podon  intermedius,  f. ; 

Sagltiay  fr. ;  Echinospira  (?),  several  specimens ;  Ctenophora,  r.  ; 

Pycnogons,  r.;  young  Gastropod  Mollusca,  c.  ;  post-larval  fishes,  fr. 

Too  much  sea  for  surface  tow-net  work. 

Euphauflidfe,  r. ;  Eryth/rops  pygmoea,  f. ;  Salpa,  fr. ;  Paraikemisto  (?) 
ohliina,  f.;  Calamis  finmarchicuSy  fr.;  CaUgvs  rapcLX,  fr;  Sagitta, 
fr.:  TomopteriSt  fr.  ;  Ctenophora,  fr.;  young  Crustacea,  f.;  young 
Ophiuridae,  f.;  young  fish,  r. 

Pleurobrachia,  ab. 

Mysis  omatus,  one ;  Eryihrops  pygmoBa,  r. ;  ThysanoesWi  sp.  r. ; 
Pseudocuma  cercarta^  r.;  Paraikemisto^  sp.  r.;  Calisonuty  r,;  Try- 
pho»Ue$  UmgimanuSy  one ;  OrchomefteUay  sp.,  one ;  Perioculodes 
longimamiSt  r .;  ProteUa  pluLsma^  one  ;  Calanua  JinmarchictiSf  t; 
Teinora  Umgicomis^  f.;  CaZigus  rapax^  r.;  StiffUtd^  fr.;  Tomppteris, 
r. ;  Ctenophora,  fr. 


Uyperia  galha  { <J  and  9 ),  two ;  Calanus  Jlnmarchicus^  t.  ;  Acartia 
dausiij  fr.;  Tetiiora  lonqtcomis^  r.;  Centropages typicus^  f.j  Anomalo- 
cera Patersoniif  f.;  Calimis rapax,  f.;  SaZpa,  r.;  Appendiculariay  t; 
Ctenophora,  f.  ;  AureCia  aurita^  one;  young  Crustacea,  f. ;  Fish 
ova,  f. 

Spirialis  relroijertnis,  t;  ffyperoeke  tauri/ormis,  f.;  Paraikemisto  (?) 
oblivia^  f.  ;  Argissa  hamatipes^f.;  Calanus  finmarchiGtiSj  f.;  -4car<«j 
Clatisiij  f.;  Temora  longicomis,  f.;  Ceniri^pages  typicus^r.;  Metridia 
hibernica,  r.  ;  Sagitta.  fr.  ;  TomopteriSf  f.;  Ctenophora,  c;  young 
GastroiK)d  nioUusca,  c;  young  Crustacea,  fr.;  young  starfishes,  f. 

Acartia  Claiisii,  r.;  Ctenophora,  r.;  young  Crustacea,  r. 

Crangon  AUinanni,  r.;  ParatKemisto  (?)  obliviaff.;  Calanits  finmar* 
chicuSf  r.;  Acartia  Claiisii,  r.;  T'tJwiora  longicomis,  f.;  CerUropages 
typicusy  r. ;  Caligus  rapax,  f. ;  Sagitta,  f. ;  Tomop^m^,  f.  ;  Cteno- 
phora, c;  <S37/?rt,  f.;  young  Crustacea,  f. 

Nyperiay  sp.,  one  ;  Hyperoche,  sp.,  six  ;  Parathemisio,  sp.,  six  ;  /cio^ 
tricuspidatay  one  ;  Ctenophora,  c ;  also  a  quantity  of  Zosiera. 

Spirialis  retroversuSy  r. ;  CaianusJinmarchicuSy  f. ;  femora  kmgicomiSy 
r.  ;  Centropages y  sp.  r.;  Caligus  rapaxy  f.;  Sagitta,  f.;  young  CruB- 
tacea,  f.;  post-larval  fish,  one  ;  Ctenophora,  fr. 


Paraikemisto  (?)  obliviay  So/prt,  f.;  Ctenophora,  f.;  Calanus  finmar- 
ckicus,  f.;  ^car^ta  Ctoiwii,  r. ;  Temora  longicomiSy  r.;  Salpa,  fr.; 
Ctenophora,  c. ;  post-larval  fish,  one. 

Surface  net,  ««7. 

Calisonm  crcnaiay  one;  Paratkemisto  obliviay  r. ;  CalanusJlnmarchicuSy 

f .  ;   Temora  longicornisy  f .  ;  Centropages  typicua,  f . ;  'SoZpo,  f r. ; 

TomopteriSy  f.;  Ctenophora,  fr.;  CoZi^iM  rapaxt  r.;  post-larval  fish 

(turbot,  one,  Gadits,  one),  two. 
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TABLE  C.-— Beoobd  of  Obsbbyations  madb  on  Board  the 
'Qarlakd'  during  1895. 

K  PELAGIO  FAUNA— III.  Moray  FiBTH-Hxm(mu^. 


Station, 

Date,  and 

Time  Net 

down. 


Net. 


Obgakisms  Cafturkd. 


Station 
XIU. 

1896. 
Oct.  14. 

2  hours. 


Statlam 
XIV. 

Oct  14. 

2  hours. 


Station 
\^. 

Oct.  14. 
2  hours. 

Station 
XVI. 

Oct.  14. 

2  hours. 


Station 
I. 

April  la 
l{  hours. 


Nov.  2. 
li  hours. 


2 
fms. 


Parathemiato  (?)  dbliviaf  r.  ;  Calanut  finmarchicuSt  r.  ;  SaZpa,  r. 

Soffitta,  r. ;  Ctenophora,  f r. 
Proto  pcdatOy  one  ;  Paratkemisto,  sp.  f. ;  Hyperochey  r. ;  Calanus  Jva- 

marchicuSf  {.;  Temora  lotigicomisy   f.  ;  Centropaget  typicuSy  f.; 

Galigut  rapaXy  t. ;  Spirialii  retrovertuSy  fr. ;  Salpay  f . ;  Soffittay  f . ; 

TomopteriSf  {.;  Ctenophora,  fr.;  young  Crustacea,  f.;  young  fish, 

twa 


Parathemitto  (?)  oUivia,  r.  ;  Caligut  rapax,  one  ;  Salpa,  f . ;  Cteno- 
phora, 0. 

Spirialit  retrovertm,  several;  Boreophausid«e,  f . ;  Cumacea  (Diastylus 
Pseudocuma)^  f.;  Amphipoda  (Halimedon,  Tryphoitites,  AphtrusOy 
Par<Uylu8)t  several  Ancexu,  sp.  ( 9 )  f • ;  Calanus  finmarchicuSy  f. ; 
Temora  loiftgieomis,  r. ;  Centropaget  iypicuty  f . ;  Galiffxu  rapaXy  £. ; 
Salpa,  one:  Sagitta,  f.;  TamopUriB,  f.;  Ctenophora,  ab.;  young 
Crustacea,!. 


Salpa,  r. ;  Ctenophora,  r. ;  young  Crustacea,  r. ;  Ctenophora,  f r. 


Parathemitto  (I)  obliviay  r.;  Calanut  Jinmarchicuty  r.;  Salpay  r.; 

young  Cephalopods,  r. ;  Fish-ova,  r. 
Calanut  finmarchicus,  f . ;  Temora  longicomity  f . ;  CaZigut  rapax,  r. ; 

Salpay  c ;  SagUta,  r. ;   Tomopterity  r. ;  Ctenophora,  fr.  ;    young 

Cephalopod,  one ;  young  Crustacea,  (Brachyura,  Anoraara,  Carida, 

Schizopoda),  fr. 


IV.  Firth  of  Clyde. 


Calanus  Jinmarchicuty  fr. ;  Centropaget  Jiamatuty  f. ;  ParawnUclla 
brevicomit,  r. ;  Podon  polyphemoidcty  f . ;  young  Bafaniy  t. ;  Fish 
ova,  f  r. ;  post-larval  fish,  one. 

Calanut  Jinmarohirut,  fr.  ;  Temora  longiromisy  r.  ;  Centropaget 
hamatuty  f.;  Euchceta  norvegicay  v.r.;  EvadneyL'y  AppendiruUiriOy 
f.;  young  Balani,  fr.;  Evadne,  t;  Fish  ova,  fr.;  post-larval  fiahea, 
six. 

Afegaluroput  agilit,  f. ;  Phtisica  marina,  r. ;  Calanut  Jinmarchieyty 
f r. ;  Temora  longicornity  fr. ;  PteudocaUinus  dongatusy  r. ;  Monttrilla, 
sp.,  one;  Centtipaget  hamatuty  f. ;  young  Crustacea,  f  ;  young  star- 
fishes, r. ;  Fish  ova,  f,;  post-larval  fishes,  two. 

Calanut  Jinmarchicut,  f . ;  Temora  longicornity  f. ;  Pteudocalanut 
elongatuty  f.;  Acartia  Clautii,  f-;  Centropaget  typieuty  f.;  Podon  in- 
termediuty  very  few ;  Appendtcufaria,  f. ;  young  Crustacea,  f . 

Cretta  dubiUy  one ;  Calanut  JinmarchicuSy  fr. ;  Temora  longicomit, 
f.;  Pteudocalanut  elongatuty  f.;  Acartia  Clautiiyir.;  Centropaget 
typieuty  f.;  Idya,  sp.  r.;  Caligus  rapaXy  r.;  Sagittay  f.;  young 
Cephalopoda,  r.;  young  Crustacea  (Mytity  Oattrotaccut,  Decapoda), 
f . ;  (?)  Microniacut  calani  (Parasitic  on  Calanus),  one. 
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TABLE  C. — Record  of  Observations  made  on  Board  the 
'Garland'  during  1896. 


B.  P£LAGIC  FAUNA— IV.  FiaxH  of  Clyde— con^inuoi. 


Station, 

Date,  and 

Time  Net 

down. 


Net 


OBOANI8M8  CaFTURID. 


Slatloii 
II. 

1896. 
Apr.  13. 

hours. 


Oct.  29. 
1 J  hours. 


Statlan 
III. 

Apr.  10. 

hours. 


Oct.  29. 
1  hour  25 
minutes. 


SUitlom 
IV. 

Apr.  10.     S. 
f  hour.  ( 


Oct.  29. 

40 
minutes. 

V. 

Apr.  10. 

hours. 


S. 


CkUanut  pnmarchkui,  ab. ;  Centropages  hamattu,  f . ;  SagiUa^  f.  ; 

young  Balunij  f .  ;  fish  ova,  f . 
MetopOj  sp.  r.  ;  Calaniu  Jlnmarchicus,  c  ;  Temora  lonmcomis^  f. ; 

Pseudocalanus  elongcUtu,  fr. ;  CerUropa{/e$  hamatu$f  f.  ;  Kuchaia 

narvefficot  r. ;  SagiUa,  f . ;  CaUgut  rapax,  one ;  young  Crustacea, 

f . ;  Crust  ova  (?)  c. 

Calanus  finmarchicut,  c. ;  PteudocaXanuM  dongcUuSf  f. ;  Acartia 
Vlaunif  (f)  CcrUropaget  typieutf  f. ;  Anomaleera  Pateraonii,  r. ; 
Sagitta,  f.  ;  young  Crustacea,  r. 

Erythrop*  pygnuea,  r. ;  MetojfM.  sp.  r. ;  Halimedon  MUlUri,  r. ; 
Mdphidipella  macem,  r.  ;  Apnerusa  bitpmota,  r.  ;  Ckdanut  ^ 
marchictu,  c  ;  Pteudocalanus  elongatuSf  f. ;  Mftridia  hibemic€L, 
r. ;  Euchceta  norvegicaf  r. ;  SagiUa,  fr. ;  Acartia  ClausU,  fr. 


Calanus  Jinmarchicus,   f.  ;   Euehasta   norvegiea^   r. ;   Anamaloeera 

Palersanii,  r.  ;  Evadne,   f.  ;    SagiUOj  r. ;  Ctenophora,  r. ;  young 

Balanij  f. ;  fish  ova,  fr.  ;  post-larval  fish,  r. 
Euphausidse,  r. ;  Munna^  sp.  r.  ;  Metopa,  sp.  r. ;  Cre$ta  dubia  r. ; 

Stegocephatodes  christiantmiiSt  (?)  one ;  Calanus  Jinmarchieua,  c  ; 

Temora  longicomii,  f . ;  Euchccta  norvegica^  f r.  ;  Caligut  rapaXf  r.  ; 

Sagitta,  f. 

Calanus  Jinmarchicus,  f . ;  Pseudocalanus  dongalus,  r.  ;  Centropaga 
tyjpicuSf  f . ;  A  nomalocera  PaUersonii,  one ;  Euchceta  narvegica, 
one ;  Ectvnosorna  cUlaniicu^niy  r. ;  Infusoria,  f. 

Mysidopsis  diddphys,  one ;  Tryphosa^  sp.  one ;  Dexamine,  sp.  r.  ; 
Euphausidse,  r. ;  Calanus  Jinmarchicus,  fr.  ;  Centropages^  sp.  r.  ; 
Euch(eta  norvegica,  r.  ;  SagiUa,  f . ;  young  Crustacea,  (Sohisopoda), 
f.  ;  post-larval  fish,  two ;  Caligus  rapax,  r.  (?)  Microniscus,  (para- 
sitic on  Calanus),  one. 


Calanus  Jiwmarchicus,  fr. ;  Temora  longicomis,  f .  ;  Pseudocalanus 
elongatus,  f. ;  Cetropages  hamatus,  f. ;  Anomalocera  Paiersonii,  f.  ; 
Evadne,  i. ;  SagiUa,  t. ;  Ctenophora,  f . ;  young  BcUani,  f r.  ;  fish 
ova,  f r. ;  young  fish,  three. 

Ampdisca,  sp.  r.;  Mdphidippdla  macera,  r.  ;  Pontocrales,  sp.  r. ; 
Metopa  Druzdii,  r. ;  Halimedon  MuUeri,  r. ;  Peroculodts  longi- 
manus,  r.  ;  Paratylus  uncinatus,  r. ;  Anceus,  sp.  r. ;  Calanus  fin- 
marchicus,  f.  ;  Temora  longicomis,  f. ;  Pseudocalanus  elongatus, 
f. ;  Centropages  fiamatus,  f. ;  Evadne,  f .  ;  young  Balani,  and  other 
Crustaceans,  f .  ;  Sagitta,  f . ;  young  fish,  r. 

Calanus  finmarchicus,  f. ;  Acartia,  sp.  r. ;  Sagitta,  f. ;  Ctenophora,  r. 
Calanus  Jinmarchicus,  fr. ;  Pseudocalanus  elongatus,  f. ;  Aca^rtia, 
ep.  f .  ;  Caligus  rapax,  r.  ;  Sagitta,  f . 


Calanus  fintnarchicus,   c. ;  Temora  longicomis,  f.  ;  Pseuduc<ilanus 

elonguatus,  f. ;  Centropages  fiamatus,  f.  ;  AnomcUocera  Paiersonii, 

r.  ;  Sagitta,  f. ;  young  docapod  Crustacea,  f. ;  young  Cirripedia,  fr.  ; 

fish  ova,  f.  ;  Post-larval  fish,  three. 
Calanus  Jinmarchicus,  fr. ;   Temora  longicomis,  f.  ;  Pseudocalanus 

elongatus,  f. ;  Centropages  hamatus,  r. ;  Anomalocera  Paiersonii,  r . ; 

AUentha,  sp.   fr.  ;  Caligus  rapax,  f. ;   Monstrilla,  sp.  v.  rare ; 

Sagitta,  f . ;  Tomopteris,    f. ;  Ajmendicularia,  f . ;  Thalestris,  sp. 

V.  r. ;  young  lamellibranch  shell-fish,  r.  ;  young  ophiurids,  r.  ;  fish 

ova,  r. ;  Post  larval  fish,  r. 
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TABLE  C. — Record  op  Obsbbvations  made  on  Board  the 
'Garland'  durhcg  1896. 

B.  PELAGIC  FAUNA— IV.  Fjrth  op  CinniL—coiUinued. 


Station, 

Date,  and 

Time  Net 

down. 


Net 


Organisms  Caftured. 


1896. 

Oct.  80. 

1  hour. 


Station 
VI. 

Apr.  13. 

houn. 


Oct.  28. 
2  hours. 


S. 


B. 


2 
B. 

S. 


Station  ; 
¥11.     ' 

April  15.     S. 

1«      I 
hours. 

I    2 
fms. 
B. 

S. 
April  20. 

2  hours.  B. 
(Night 

haul). 


Oct.  31. 
li  hours. 


Nov.  3. 

1  hour  35 

minutes. 

(Night 

haul). 


Calanui  finmarchicuSy  f. ;  Acartia  Clausii^  r.  ;  Centropages^  sp.  r.  ; 

Podon  inUrviedittSt  r. ;  Appendiculanaf  r.  ;  Sagittal  r.  ;  (?)  Micro- 

nucus  ccUaniy  one. 
VHutina  IcevigcUay  one  ;  Pecten  opercular  is,  one,  Nannasticui  ungui- 

cxdcUuSt  two  ;  A  ncetiSt  sp.   ( 9  ),   one  ;   Calanus  ^nmardiictiSf  f. ; 

Temora  longicomiSf  r. ;  Acartia,  sp.  f.  ;  Fseudocalanus  armatus, 

one ;  AUeiUhay  sp   one ;   Caligus  rapax,  r.  ;  Sagittay  f.  ;  Tomop- 

terii,  r.  ;  young  Cfrustacea  (Schizopods,  mostly),  f.  ;  young  lamelli- 

branchs,  i. 

CcUanusJtnniarchiciiSy  f.  ;  CeiUropagcs  hamatus,  r.  ;  Amphipoda,  r.  ; 

young  Balani,  it.  ;  fish  ova,  c. ;  post-larval  fishes,  f • 
Ckilanut  finmarchicusy  r.  ;  Amphipoda,  r. ;  young  Balanit  it. ;  fish 

ova,  c. 
Calanut  finmarehicuSj  f.  ;  Tenwra  longicomiSt  f.  ;  SagiUay  i. ;  young 

Crustacea,  f. 

Calamis  finmarchicuSf  r.  ;  PseudofxUamut  donoatu*^  r. ;  Acartia 
CloMsiit  f, ;  CerUropages  tppicus,  t ;  Anomalocera  PaUrsonii,  one  ; 
SagiUaj  r. ;  Ctenophora,  r. 

Afetopa,  sp.  r. ;  Apheruta,  sp.  r.  ;  Calanut  Jinmarchicuty  f.  ;  Pseudo- 
calanus  elongatus,  r.  ;  Pseuchcalanut  armaiua,  t.  ;  Centropagety 
sp.  f.  ;  Sagittay  i. ;  Ctenophora  r.  ;  young  Crustacea,  fr. ;  Infusoria 
{Ceratium  fuscusy  etc.),  f. 

Calanu$  fiwmarchicuSy  it. ;  Centropages  hamatuSy  f . ;  Anomaloceray 

Patersoniiy  f.;  Evad^nCy  c;  Sagittay  i.;  youug  Crustacea,  f.;  fish 

ova,  ab. 
Calanus  finmarckicns,  c;   Centropages  lutmatus,  f.  ;   Anomalocera 

Patersoniiy  f.;  Sagittay  f. ;  young  j^a^nt,  fr.;  fish  ova,  ab. 
Calanus  fintnarchicusy  i. ;  Temora  longicomis,  f . ;  Centropages  hamaiuSy 

i. ;  Sagittay  i. ;  young  Crustacea,  f . ;  young  fish,  f . 

Surface  net  damaged — it  contained  only  a  few  Ctenophora  and  young 
Balani. 

Crangon  nanus  (?)  Hippolyte  pusiola  (?)  one,  MysisomatuSy 
r. ;  Leptomysis  gracUiSy  r.  ;  Mysidopsis  angustOy  one ;  Brythrops 
pygmceay  r. ;  Erythrops  serrata,  r. ;  SiricUa  crassipesy  r. ;  Eudordla 
truncatulay  f.;  Euaorella  hispida,  f.;  Iphinoe  gracilis  Jserraiay 
Norman),  r.;  Pseudocuma  cei-caria,  f.;  Campylaspis  affinis,  r.; 
Diastylus  rugosay  f. ;  Diastylus,  sp.  f.;  Haltmedon  MUUeri,  fr.; 
A  mpdisca  typica  (?)  one  ;  Stenothoe  mari/nay  r. ;  Calisoma  crenatay 
one  ;  Argissa  hamatipes,  r. :  Peroculodes  longimanus,  f. ;  Laphistius 
sturioniSy  r. ;  Aldphidippellamaciray  one ;  Epimerca  comigeray  two ; 
Calamis  Jinmarchicus,  c. ;  Temora  longicornis,  fr. ;  Pseudocalanus 
dongatusy  fr. ;  Centropages  hamatuSy  it. ;  young  Crustacea,  c. 

Sea  too  rough  for  surface  net. 

Halimedon  M'dlltn'iy  Pcrioculodcs  longimana  and  one  or  two  other 
Amphipods;  Anceus,  sp.  r.;  Calanus JinmarchicuSyi,;  Temora  longi- 
coniisy  r.;  Pseudocalanui  amiatus,  r. ;  Pseudocalanus  eloTigatuSy 
Caitropages  typicusy  r.;  S.-olocithHx  hibemicuSy  r.;  Acartia  Clausiiy 
i. ;  Sagitta,  i. ;  Ttinoptcris.  r. ;  young  Crustacea  {ErytliropSy  MysiSy 
Cumucea,  Decapoda),  f. ;  young  Lamellibranchs,  r.;  young  star- 
fishes, r.;  Zoophytes,  BotrylluSy  etc,  f. 

Hyperoohe  tauriformiSy  r.;  Argissa  hamatipes  y  ce  ;  My  sis  lam/>mai, 
L;  Calanus  JitumarchieuSy  c;  CentropageSy  sp.  f.;  MonstriUay  n>., 
one;  Anomalocera  Patersoniiy  r.;  PhiUmedes,  sp.,  one;  Sagitta,  it.; 
Ctenophora,  f. 

Mysidopsis  gibbosay  one  ;  Tryphosay  sp.,  f . ;  Tryphos  tes  longipes,  i. ; 
Urotkoey  sp.  r. ;  Halimedon  MiUleriy  t. ;  Perioculodes  longimanusy  i. ; 
Synchdidium  brevicarpum,  f.;  Calanus  f^nmarchicusy  f.;  Sagitta,  f. 
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TA.BLE  0.— Rboobd  of  Obsbbvationb  madb  on  Boabb  the 
'Oakland'  burino  1896. 

B.  PSLAGIO  FAUKA-^IY.  Firth  of  ChYim^-corUinuecU 


Station, 
Pate,  and 
Time  Net 

down. 


Net. 


OtUQAXlBMB  CaPTUBEB. 


tteUon 
VIII. 

1896. 
April  16. 
2  hours. 


S. 

2 

fms. 

B. 


April  21. 

2^  hours. 
(Night 
haul). 

Oct.  81. 

1  hour  40 

miutttes. 


Nov.  3. 

If  hours. 

(Night 


Station 

IX. 

April  9. 
2  hours. 


Oct.  81. 
1}  hours. 


Btattou 
X. 

April  14. 
2nour8. 


8. 

2 
faths 


CcUanus  finmarchicus,  £.;  Anomalocera  Patersonii,  r.;  Podon  poly- 
phemotdest  ^-i  fish  ova,  ab. 

Calanus  /inmarchicus,  fr.;  Centropoffes  hamatuSt  f.;  Anomalocera 
PcUei'soniif  f. ;  £vadne,  t ;  Appmdicularia,  f  ;  SagitUti  r. ;  young 
Bctlanit  fr. ;  fish  ova,  ab. ;  post-larval  fishes,  three. 

Dvlichiay  sp.  r.;  Calanui  finmarchUvs,  f.;  Temora  lonfficomiSj  f.; 
Psetidocalanus  donffotus,  f . ;  CerUropages  haniatuSi  f . ;  Caligut  rapaXf 
r.;  EvadnCy  f.;  SagiUOy  f.;  Cteuophora,  f.;  young  Crustacea,  (De- 
capoda  and  Bakmi)t  f. ;  fish  ova,  f . ;  post-larval  fishes,  f . 

Calanus  finmarchicua,  ab. ;  Tenvora  UmgicomiSy  f . ;  PsevdocaUmus 
dongatui,  f.;  CerUropages  hamatus,  f.;  Caligus  rapax,  r.;  young 
Crustacea,  fr. ;  fish  ova,  c. 

Sea  too  rough  for  surface  tow-net. 

Perioculodes  longimanus,  r.;  AmpelUcay  sp.  r.;  Ccd^mAisfiniiiM/rchicus, 

fr. ;  Temora  langicorrUt,  r. ;  Paextdocalanus armattUy  v.;  SagUta,  fr.; 

young  Crustacea,  fr.;  Foraminifera  {MUiolinaf  Haplophragmium 

pseudoapirale,  Botalia,  etc),  f. 

Nyctiph^vncB  norvegicuty  one;  BoreophauiiOy  sp.  r.;  Metopa,  sp.  r.; 
Cola/nut  JinmarchicuSj  ab.;  Temora  longicomia,  r.;  Pseudocalanus 
elongatusy  f.;  CerUropages  tppicus,  f.;  Anomalocera  Pater soniiy  r.; 
Sagittay  c;  Cteuophora,  f.;  young  Crustacea  (chiefly  Mysidse),  fr.; 

Pandalus  (?)  MorUagui,  one;  Nika  edulis,  one ;  Crangon  aUmaniiy 
one ;  Mysis  lamorrue,  f . ;  Mysidopsis  diddphysy  r. ;  Mysidopsit 
angustaj  r. ;  Erythrops  pygrmeay  f . ;  Eryihrops  serratus,  f . ;  Oastro- 
saccus  spinifery  f.;  Cirokma  spinifery  two;  Anceus,  sp.  (9),  r.; 
Campylaspis  (?)  ruWctwido,  one;  Pseudocuma  cercaria,  f . ;  Diastylus 
biplicatus  Diastylus  rugosa  and  Diastyl*jts  UeviSy  f.;  Metopa,  sp.  r.; 
Ampdiseay  sp.  f.;  ^aZtm«c2on  MiUleriyf.;  Perioerdodes  longimanus, 
r.;  Argissa  hamatipeSy  r.;  Eusirus  longipeSy  one ;  EpvmeriOy  sp., 
one  Aielphidtpella  maceray  r.;  Apherusa  btspirwsay  r.;  jTiwnoro 
lon&icomis,  f.;  Pseudocalaniu  armatuSy  f.;  CerUropages  typicus,  f.; 
young  Gastropoda  and  young  Lamellibranchiata,  r.  A  few  Ostra- 
eoda  and  Foraminifera. 


Cb2anu«  JinmarehieuSy  fr.;  Temora  longieomisy  f.;  Anomalocera 
Patersoniiy  f.;  Appendiadartay  f.;  Sagitta,  f.;  young  Crustacea, 
fr.;  fish  ova,  c;  Post-larval  fishes,  f.. 

Parathemisto  obliviay  v.  r. ;  Co/anu*  jfJwmarcfetcu*,  fr. ;  3Vmora  longt- 
comisy  f.;  SagUta,  f.;  young  Crustacea,  fr.;  fish  ova,  c;  several 
post-larval  fishes. 

Siriella  crassipcSy  one  ;  DiastyluSy  sp.  f. ;  MonoculodeSy  sp.  r. ;  Cala- 
nus Jmmarchicusy  f.;  Temora  UmgicomiSy  f.;  Sagittay  f.;  young 
Crustacea,  f.;  young  Echinoderms,  f. 

Sea  too  rough  for  surface  tow-net. 

Calanus  Jinmarchicusy  f.;  Pseudocalanus  dongatuSy  t;  Centropages 
iypkusy  f.;  SagUUiyit.;  young  Gastropoda,  r.;  young  Lamellibran- 
chiata, r. 

Calanus  finmarchicusy  f . ;  Temora  longicomiSy  r. ;  Anomalocera  Pater- 
soniiy f.;  CerUropages  hamatuSy  f.;  Evadney  f.;  AppendicuLariay  f; 
young  Calaniy  o. ;  fish  ova,  c. ;  post-larval  fishes,  f . 

Calnrms  JhwiarchicuSy  f.;  Temora  longicomisy  f.;  Acartia  Clausii,  r.; 
Halimedon  MiiUeriy  one ;  Peroculodes  lorigimanuSy  one ;  Melphi- 
dippeUa  maceray  one ;  Ampelifieay  sp.  one  ;  Metopay  sp.  r.;  Caligus 
rapaxy  r.;  young  Crustacea,  (Ooti^^on,  Balanusy  &c),  fr.;  young 
Eohinoderms,  f.;  AppendtetUaria,  t;  post-larval  fishes  several. 
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TABLE  d^^BsCOAD  op  OfiSEItYATIONa  HADB  ON  BOARD  THB 

'OahI'AHd'  puBiNa  1396* 


B.  PELAGIC  FAUNA— lY,  f  iWH  Of  Qvux^^^^mtvimed, 


Station, 

Date,  and 

Time  Net 

down. 


Net 


0BGAKI8M8  CaPTUBBD. 


1896. 
Oct  28. 
1  hour  60 
minntes. 


Stettoii 

XI. 

April  16, 

hours. 

Oct.  SO. 
1  hour  50 
minatea. 

Btattou 

XIL 

April  16. 

hours. 
April  21. 

houn. 
(night 
haul). 


Oct.  80. 
2  houn. 


Nov,  i. 

2  hours  5 

minutoB. 

(night 

haul). 


a} 


SandatoBe&t 
nan  Hd. 


April  20. 

8.20  to 

9.10  a.m. 

(l8t)haul 


2 
fms. 


(\Uanus  Jh,marchicu$y  r. ;  Ceniropaget  typicitSt  f . }  Otenophora,  r* 
Leptomvsis  gracilis,  r.;  Argissa  hamtUipeSf  f.;  AnceuB,  sp.  r.;  Ckda- 
nus  ftnmarchieuSf  fr.;  Pseudocalanus  elongatus,  r.;  Pseudocalanxtt 
armatus,  f.;  Meiridia  hibemica,  r.;  Acartia^  sp.  f.j  Centrapaget 
typicus,  f. ;  Caligut  rapaxy  f.;  young  Cephalapod?,  r. ;  young  Lamel- 
libranchiata,  f.;  young  GasteropocU^,  f.;  young  Crustacea,  fr.  (?) ; 
Podon  intermedius,  r.  A  few  of  the  Calamu  are  infested  with 
Nematode  parasites. 


Sea  too  rough  for  surface  net, 

Perioculodea  longimanti$f  one  ;   Calanut  finmarchicus,  f  r. ;  Cdligus 

rapaXf  r. ;  Evadne,  fr. ;  young  Crustacea  {BtUcmi,  etc.),  fr.;  SagUta, 

f.;  post-lanral  fishes,  f. 

Both  tow-nets'  gatherings  contained  very  few  organisms  ;  the  bottles 
containing  these  gatherings  were  overturned  by  the  rocking  of  the 
boat,  before  the  contents  were  examined. 


Sea  too  rough  for  the  surface  net. 

Calantujlnmarchicu8y  c;  Euchc^a  norvegica,  r.;  Amphipods,  sp.  r.; 
young  Crustacea,  f . ;  post-larval  fishes,  f . 

CcUanus  Jlnmarchicus,  c;  Temora  Umgicomidf  f.;  PseudoealanuB 
elongatus,  f. ;  Centropages  hamatutt  f. ;  AnomaZocera  PnUersonii,  fr. ; 
Ewlueta  norvcgica,  r.;  Evadne,  f.;  Podon  polyphemoides,  r.;  ^SSa- 
gitta,  f. ;  young  Crustacea,  f r. ;  fi»h  ova,  r. ;  young  fishes,  r. 

Euphausidffi,  r. ;  Leptomygis  gracilis,  r. ;  Eryihrops  aerrala,  f . ;  EmUh 
rdUiy  sp.  f. ;  Lcucon,  sp.  f .  ,*  Cuma  (gen.  et  sp.  Of  t ;  Diastylus,  sp. 
f. ;  Pneudocuma  cercaria,  r. ;  Limnorva  lignontm,  one  ;  Anceus,  sp. 
r. ;  Monoculodes  Packardi,  f r. ;  Pcrioculodes  longimanus,  f . ;  ffali- 
tnedofi  MiiUeri,  r.;  Argissa  hamatipes^  r.;  Galanus  Jinmarchtcus, 
ab.;  Temora  Umgicomis,  t;  Psevdocalanus  elongatus,  fr.;  Pseitdo- 
ealanus  armatus,  r. ;  Centropages  hamatuSj  r. ;  Anomalocera  Pater- 
sonii,  r. ;  Euch(eta  norvegica,  r. ;  Nika  edulis,  v.  r. ;  Scolocithrix 
hibemicus,  r. ;  Caligus  rapaz,  r. 

Calantis  Jinmarchieus,  r.;  Pseudocalanus  elongaius,  r.;  Acartia,  sp. 
r. ;  young  Oustacea,  r. 

Euphausidse,  f . ;  My  sis,  sp.  f . ;  Nannasticus  unguiculattis,  r. ;  Oalanus 
finmarchicus,  fr.;  Pseudocalanus  armatus,  f.;  Candace  pectinaia, 
r.;  Caligus  rapax,  f.;  Sagitta,  c;  Ctenophora,  f.;  Tomopteris,  ivr, 
young  Crustacea  (mostly  Schizopoda),  f;  post-larval  fishes,  very 
rare. 

Euphausidie,  r.;  Siriella  rwi-vegiiu,  r.;  Calanus  Jinmarchicus,  c; 
Pseudocalanus  elongatus,  f.;  Pseudocalanus  ai*matu4,  f.;  Centro- 
pages, sp.  f.;  Anomalocera  Patersonii,  r. ;  Sagiitay  ab. 

Metopa,  sp.  one ;  Calanus  Jinmarchicus,  r. ;  Scolocithrix  hibernicut, 
r. ;  PhiLomedcs  brenda,  two  ;  a  quanti^  of  mud. 


CalanusJinmarchicuSt  c. ;  Psetidocaianus  elongatus,  f. ;  A  cartia  Clausii, 
f.;  Centropages hamatus,  fr.  ;  Anomalocera  Patersonii,  f.  ;  Bva4ne, 
fr.  ;  Appendicularia,  r.  ;  young  Crustacea,  f.  ;  fish  ova.  fr. 

Calanus  fnmarchicus,  ab. ;  Pseudocalanus  elongatus,  f.  ;  Aoartia 
Clautii,  f .  ;  Centropages  hamatus,  t ;  Evadne,  f . ;  Sagitta,  t ; 
young  Crustacea,  fr- ;  fish  ova,  fr* 
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Part  III. — Fifteenth  Annual  Report 


TABLE  C. — Bbcord  of  Observations  made  on  Board  the 
'Garland'  during  1896. 

B.  PELAGIC  FAUNA— IV.  Firth  op  Cltd»— «m/tnfi«f. 


Net. 


Station, 

Date,  and 

Time  Net 

down. 

""18967 

April  20. 

'9.30  to 

10.15  a.m. 

(2ud 

haul). 

April  20. 

10.45  to 

11.30  a.  m- 

(3rd 

haul). 

April  20. 
l.0tol.40 

p.m. 

(4th 
haul). 

April  20. 

2.15  to 

3.0  p.m. 

(5th 

haul). 


Corsewall  to 
Mull  of^  Can 
tyre. 

April  21. 

9.45  to 

10.10  a.m. 

Klsthaul). 

I  April  21 
11.45  a.m. 
to  12.40 

f>.m. 
2nd 
haul). 


2 
fms. 


2 
fms. 


2 
fuis. 


2 
fms. 


Pladda  to 
berry 

April  22. 

9.40  to 

10.25  a.m. 

(1st  haul). 

April  22. 

11.0  to 

11.45  a.m. 

(2nd 

haul). 

April  22. 

12.5  to 

12.50  p.m. 

(8rd 

haul). 

Nov.  5. 

Station 

VIII. 

35 

minutes. 


S. 

2 

fms. 

S. 

2 
fms. 


OROAlflSMS  CaPTUBH). 


Turn 
Pt. 


2 
fms. 

S. 

2 
fms. 

S. 

2 
fms. 

S. 


Calanui  JinmarchicuM^  ab. ;  Evadne^  f . ;  young  Crustacea,  f . ;  fish 

ova,  f . 
Calanui  finmarchicuM^  c.  ;  EuchaUa  norvegica,  f. ;  Svadne,  t ;  young 

Crustaicea,  f.  ;  fish  ova,  fr. 

CaJanus  finmarchicuSf  fr.  ;  Paeudocalanus  elongatui,  f.  ;  CerUropaget 

hamatusy  fr.  ;  Anomalocera  Patertoniif    fr.  ;  Evadne^  fr.  ;  young 

Crustacea,  c.  ;  fish  ova,  fr. 
Calanitt  Jinmarchicuif  ab.  ;  FseudoccUanus  dongcUtu,   f.  ;  AcarUa 

clausii^    f.  ;  CerUropages   hamatuSt   f.  ;  EvtAdne^   f.  ;  SagUia,    f.  ; 

young  Crustacea,  fr.  ;  fish  ova,  fr. 

CalanusJinmarchicuSt  o.  ;  Acartia  Clautii^  fr. ;  Centropfige»hamatu9y 

f . ;  AnoffuUcera  Patertonii,  f . ;  ParaponUlla  brevicomist  r. ;  Evadne, 

f r. ;  y<>uug  Crustacea,  c  ;  fish  ova,  f . 
Calanus  finmarchicuSf  ab.  ;  Pteudocalanus  d<mgaiu$^  f. ;  Cenbropagti 

hamcUuSyt;  Evadne,  t;  AppendiaUaria,  f.;  young  Crustacea,  fr.; 

fish  ova,  (. 

CkdanusJinmarchicitSf  c  ;  Acartia  Clausii,  fr. ;  Centropaga hamattUy 
f.  ;  Anomalocera  Patcrtoniiy  f.  ;  Evadne,  fr.  ;  young  Crustacea,  a  ; 
fish  ov^  f. 

Calanus  /inmarchicutf  c. ;  Psevdocalanus  elongatus,  f .  ;  CefUrqpag€$ 
hamatust  f. ;  young  Crustacea,  fr. ;  Evadne,  t ;  fiish  ova,  f. 


Calanus  finmarchicuSt  f .  ;  Evadne,  f . ;  young  Crustacea,  f .  ;  fish  ova, 

f.  (very  little  in  net). 
Calanus  finmarchicuty  It,  ;  Centropages  hamatus,  f.  ;  Evadne,  r.  ; 

young  Crustacea,  f. ;  fish  ova,  f. ;  post-larval  fishes,  r. 

Calanus finmarchicus,  f.  ;  Anomalocera  Patersonii,  r.  ;  young  Balani, 

f .  ;  fish  ova,  f . 
Calanus  Jinmarchicus,  fr.  ;  CetUropages  hamatus,  f.  ;  Anomalocera 

Patersoniij  r. ;  young  Crustacea,  r.  ;  fish  ova,  f.  ;  poet-larval  fishes, 

r. 


Calanus  finmarchicus,  fr. ;  Centropages  hamatuSy  f. ;  Anomaheera 
Patersoniij  fr.;  Appendiculariay  f.  ;  young  Crustacea,  fr.  ;  fish  ova, 
fr.  ;  post-larviU  fishes,  two. 

Calanus  Jinmarchicus,  fr. ;  Anomalocera  Patersonit,  fr.  ;  yoimg 
Crusta^,  fr.  ;  Ewidne,  f.  ;  fish  ova,  fr.  ;  post-larval  fishes,  one. 

Calanus  finmarchicuty  t;  Aiwmalocera  Patersoniu  c;  young  Crus- 
tacea, f.  ;  fish  ova,  fr. 

Calanus JinmarchicuSy  c ;  Anomalocera  Patersonii,  f. ;  Ctonophora,  f.; 
young  Crustacea,  f . ;  fi[sh  ova,  f . 

Calanus  finmarchicuSy  fr. ;  Centropages  hainatus    f.  ;  Anomalocera 

Patersonii,  fr.;  young  Crustacea,  fr.;  fish  ova,  fr. 
Calanus JinmarchicuSy  ab.  ;  Anomalocera  Patersonii,  f. ;  Sagitta,  f. ; 

young  Crustacea,  f. ;  fish  ova,  f. 

Calanus  JinmarchicuSy  f.;  Tem^yra  longicomis,  f.;  Acartia,  sp.,  fr.; 

Pseudocalanus  elongatus,  f. ;  Pseudocalanus   armatus,    r. ;  Ano- 

malocera  Patersonii,  r.;  Sagitta,  f. 
Surface  tow-net  gatherings  from  Stations  IX.  and  X.  similar  to  the 

above.    ■  
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TABLE  C— Rkcord  op  Observations  made  on  Board  the 
'Garland'  during  1896. 

B.  PELAGIC  FAUNA— V.  Uppee  Loch  Fyne. 


Station, 

Date,  and 

Time  Net 

down. 


Net. 


Oroanibms  Captubed. 


1896. 
Off  Loch 
toLargy 

Nov.  14. 


Gair 
more. 

S. 


Lowbum 
Dunder 

Nov.  12. 
2  hours 

10 
minutes. 


to 
ave. 

a 

B. 


Penmore 
Inver 

Nov.  12. 
2  hours 

10 
minutes. 

Loch  Gair 
Minard. 

Nov.  13. 
1  hour  25 
minutes. 


Inverae 
Furnace. 

Nov.  13. 
1  hour  20 
minutes. 

Camdow 
Dundera 
Mid-Cha 

April  23. 

9  a.m. 

to 

n-43a.m 


to 
aray. 

B. 


to 


to 


to 

nnel- 

Aboat 
Ifm. 
About 

Mid- 
water 
net  6| 

fins. 


Eriehthonius,  sp.,  v.  r. ;  Phtitica  marinoj  r.;  Calanus  finmarchicus^ 

f.  ;  PseudoccUanus  elonrjatus,  f. ;  Acartia  clausiif  r. ;  Centropages 

hamatuSf  r.;  Califfus  rapaXj  f. 
Leptomysis    gracilis^  r.;  CcUantu  Jmmarchicuij    t;  Pseudooalanus 

elongattu,    f.  ;  Pseudocalunus  armatuSf    r. ;  Acartia    Claitsiiy  f. ; 

Euehcsta  norvegica,  one  ;  Caligus  rapaxy  three  ;  Sagitta,  f.;  young 

Crustacea,  f. 


CcUanusJinmarchicus,  r.'f  PseudocalanuseUmgatuSyT.;  Acartia  clausiif 
r.;  Euchaeta  norvegica,  one. 

Nyctipha^ies  norvegicuSf  one ;  Myiis  omaius,  one ;  Leptomysis 
granliSy  several  (moiBtly  immature) ;  Leptomysis  lingvuruy  one ; 
Jaera  cUbifronSy  one  ;  J  antra  maculosa,  r. ;  Campylaspis  coistatuSy 
two ;  Campylagpis  (?)  rubieunda^  one  ;  Eudorella  truncatula,  r. ; 
Leucon  nasnca,  r.;  Itopod,  sp.,  two;  Trpphota  harringiy  one; 
CkiliiOfiM  crenatOy  one;  Monoculodea  (?)  Pachirdiy  f.;  Leucothoe 
LiUjeborgiiy  one  ;  Halimedon  MiilUH,  r.  ;  AmphUochus  manudcnsy 
one ;  Iphimedia  minuta,  one  ;  Perioculodts  longimantUy  one  ;  Cala- 
niu  finmarchicusy  fr.;  Temora  longicomisy  f . ;  Acartia  Clausii,  f.; 
Pseudocalanus  armatuSy  f . ;  Euchceta,  f . :  Monsirilla  (?)  damgy  one  ; 
Sagitta,  ab.  ;  Idya  sp.,  one ;  ScolocUhrix  ( 6  )y  one ;  Miliotina  aemtn- 
lUum,  r. 


Nyctiphanet  norvegicusy  fr.  ;  BoreophavMa  sp.,  fr.  ;  Calanut  fin- 
marchicusy  very  an. ;  Euchceta  norvegicay  a  (This  gathering  nearly 
filled  a  large  drop  jar). 


CaUmut  JinmarchicuSy  c;  Temora  longicomiSy  fr.;  Pseudocalanus 
eiongatuMy  fr.;  Acartia  Clatuiiiyf.;  CentropagcshamatusJ.-y  Euchceta 
norvegicay  r.;  Scolocithriz  htbemicusy  f.;  Appendiculariay  f.  (?) 
Microniscus  calani  (parasitic  on  CaluuuK),  one  ;  SagitUiy  f.;  young 
Crustacea,  f . 


Boreophausia  sp.,r.;  MyMomaius,  r.;  My  sis  (?)  intmm,  (damaged), 
one  ;  Leptomysis  graciliSy  1. ;  Hemilamprops  (?)  ro.sm,  one  ;  CaJaniis 
finmarchicuSy  fr. ;  Temora  longicornisy  f.;  Psrudoralanus  clongatuSy 
It.  ;  Psetulocalanus  annalitSy  f. ;  Caligus  rapax,  several.  • 


iCopepoda  (chiefly  Calanu3)y  c;  Evadne,  c;  Fish  ova,  a 
>Copepoda  (chiefly  Calanus)y  ab.;  Sagitta,  f. ;  Fish  ova,  c. 

SCopepoda  (chiefly  Euchata)  moderately  abundant ;  Fish  ova,  o. 
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TABLE  C. — Eecobd  of  Omkevationb  made  on  Board  thb 
*Gabland'  dubino  1896. 

B.  PELAGIC  FAUNA— V.  Upper  Loch  Fynb— con/inwdd. 


Station, 

Date,  and 

Time  Net 

down. 


No. 


Oboahisms  Caftubed. 


189a 

Furnace 
Cladich— 
OhanneL 

April  2a 
i  p.m. 

to 
2  p.m. 


LochGai 
QuayFe 
Mid-Cba 

April  23. 
2-40  p.m. 

to 
3-30  p.m. 


to 
Mid* 

Tow- 

nel 
down 
Ifm. 
Tow. 

net 
down 
Slfms. 

Uld- 
water 
nete^ 

fms. 

r  to 

rry- 

neL 

ifm. 
2|rm8. 
Mid- 
water 
net6i 
fms. 


Catch  similar  to  the  last. 


Off  Tarb  ert  to 
Avidh  Is  land 


April  24. 


April  27. 


Penmore 

Inveraray- 

Mid-Cha 


April  80. 

Dundera 
Lowbum 
IfidCha 

May  5. 


Ifm. 
2ifn)8. 

Mid- 
water 
net6i 

fms. 

Mid- 
WHter 
.  net 
(?)W 
fms. 


to 


nneL 
B. 

veto 
nnel. 

a 


\  Catch  similar  to  that  of  the  1st  and  2nd  hauls. 


Copepoda,  (chiefly  Calaiyus^  f . ;  Fish  ova,  fr. 
Copepoda  (chiefly  Calafvu9\  c. ;  Fish  ova,  f . 

Copepoda  (chiefly  Calanus)^  f.;  SofrUta  and  TomopUrU^  r.;  Cteno- 
phora,  f r. ;  post-larval  fishes,  f . ;  Fish  ova,  f r. 

Pasiphcea  sivado^  one ;  Nyctiphanes,  sp.  f.  ;  Boreophauaia,  sp.  fr.  ; 
Calanus  Jinmarehicus,  t;  Euchccta  norvegica,  v.  ab.;  ^a(;^Ua^  f.; 
post-larval  Crustacea,  f . 


NyetiphaneSt  sp.  f.;  Euchceta  norvegiea^  ab.;  (a  large  quantity  of  fine 
mud  was  mixed  up  with  the  bottom  tow-net  gathering). 


Copepoda  (chiefly  Cbtotuw),  abundant. 
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TABLE  C— Rboobd  of  Obsrbvations  made  on  Boabd  the 
•Garland'  durino  1896. 

C.  nrVEBTEBRATE  FAUNA,  &o.,  IN  THE  TRAWL  NET- 
I.  Firth  of  Forth. 


Station 
and  Date. 


OROAIOSMS  CAfTURBD. 


Steltou  I, 

1896. 
Jan.  24. 
1}  hours. 

Feb.  14. 
2  hours. 


Button 
II. 

Jan.  24. 
1 A  hours. 

Feb.  24. 


SUIton 
III. 

Jan.  20. 
Z^  hours, 

Feb.  13. 
3  hours. 


SUttOB 
IV. 

Jan.  21. 
3^  hours. 

Feb.  20. 
3^  hours. 


Stati«nT. 

Jan.  30. 
labours. 

Feb.  19. 
Iffliours. 

BUUon 
VI. 

Jan.  30. 
H^ours. 

Feb.  19. 
^  hours. 

BtaUon 
VU. 

Jan.  80. 
1^  hours. 

Feb.  19. 
IH  bours. 


Pecien   operculariSf  L:   Nepkrops  narvegictts,   r.;   Mytilua  modiolu8^T,\ 
Asterias  rvbens,  r.;  Echimts  esculentus,  r. 

Pecten  operc%tlaris,  r.;  BttcdnumufukUum,  r.;  Fusutanliquua^  r.;  Nephropi 
rwrvegicuSf  f.;  Asterias  rubens.  f.;  Ediinus  escuUnluSf  r.;  Alq/oniuvi 
digitatum,  f.;  Actinoloba  dianthuSf  t;  some  Buccinum  spawn. 


PecUn  operculariSt  r.;  Ascidians,  f. ;  Asterias  rubens^  fr. ;  Brittle  starfish,  f.] 
Alcyonium  diffiiatum,  f.;  dead  shells,  f. 

Pecten  qperculariSf  r.;  Eupagurus  bemharduSf  r.;  Nq>hrop8  norvegicus,  f.] 
Astenas  rubens^  r. 


Pecten  opercularis,  fr.;  Ifq>hropsnorvegicuSyt.;  Asterias  rubens^  f.j  Ophiura 
albidOf  L;  Solaster  papposa^  f.;  Echinus  esctUentus,  f.;  Alcyontum  digi' 
tatum,  f.;  a  small  quantity  of  sea- weed. 

Pecten  opercularis,  fr.;  Buccinum  undatumy  f.;  Fusus antiquus,  r.;  Eyas 
coarctatuSf  r.;  Eupagurus  bem?uirdus,  r.;  A^ephrcps  norvegicus,  r.; 
Asterias  rubens,  f.;  Solaster  ^pposa.  f.;  brittle  starfish,  fr.:  Echinus 
esculentuSf  one  specimen ;  Actinoloba  aiantkuSf  f. ;  a  quantity  of  sea- weed. 


Pecien  opercularis^  f. ;  Btuidnum  undaium,  fr. :  ffyas  araneus,  f. ;  Eupa- 
gurus bemhardus.  fr.;  Asterias  rubenSy  f.;  orittle  starfish,  f,;  SoUuter 
papposa,  r.;  Pandalus  annulicomiSf  r.;  Alcyonium  digitatum^  f. 

Pecten  opercidaris,  f. ;  *  Mytilua  modiolusy  f.  ;  Buccinum  undalum  (and 
spawn),  fr. ;  Fusus  antiquusy  r. ;  Uyas  araneus,  f . ;  Eupagurus  bemhardus^ 
f . ;  AscidiauB.  f. ;  Astenas  rubmSy  f. ;  Solaster  papposay  f. ;  brittle  star- 
fiisb,  f.  ;  Echinus  esculentus,  r.  ;  Alcyonium  digitatum,  fr. ;  Chalinck 
occtdatay  t 

Fusus  antiguus,  r.;  Nephrops norvegicuSy  r. ;  Asterias nibens,  f.;  Alcyonium 
digitatum,  f. 

Nephrops  norvegicus,  f. ;  Asterias  rubenSy  f. ;  a  small  quantity  of  sea-weed. 


Buccinum  undatmHy  r.;  Asterias  rvbenSy  f.;  (scarcely  anything  in  trawl  net 
except  the  fishes). 

Fusus  gracilis,  one  specimen ;  Asterias  rubens,  f. ;  (invertebrates  very  scarce). 


Fusus  antiquusy  r. ;  Bupamsrus  bemhardusy  f. ;  Asterias  rubens,,  f. ;  SoUuter 
endeea,  U;  Alcyonium  aigitatumy  fr.;  a  small  quantity  of  sea- weed. 

Ascidlans,  r.;  Pandalus  Montagui,  one  specimen;  Asterias  ruhens,  c; 
Solaster  endeea,  f,;  Alcyonium  digitatum,  f. 
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TABLE  C. — Record  op  Observations  made  on  Board  the 
'Garland'  during  1896. 

C.  INVERTEBRATE  FAUNA,  Ao.— I.  Firth  op  Forth— am^w^i. 


Station 
and  Date. 


Organisms  Captured. 


Stallon 
¥111. 

1896. 
Jan.  29. 
Ifl  hours. 

Feb.  18. 
2  hours. 

fttatton 
IX. 

Jan.  29. 
If^  hours. 

Feb.  18. 
2  hours. 

Sutton 
X. 

Jan.  26. 
1^  hour. 

Feb.  12. 
I  hour. 


StalloB 
I. 

Jan.  14. 
2]^  hours. 

Feb.  6. 
2  hours. 

Slallon 
II. 

Jan.  17. 
2  hours. 

Feb.  7. 
1 J  hours. 

Station 
III. 

Jan.  17. 
1^  hours. 

Feb.  7. 
labours. 

Station 
IV. 

Jan.  14. 
2t^  hours. 

Feb.  6. 
2/j  hours. 

Station 
V. 

Jan.  14. 
2  hours. 

Feb.  6. 
2  hours. 


Tritonia  Honibergi.  one  specimen  ;  Nephrops  norvegieuSf  r.;  Aslerias  rUbenSy 
T.;  brittle  starfish,  r.;  land  starfish,  r.;  Alcyonium  digitatum^  f.;  Actino- 
Mm  diarUhuSf  f. 

Nephrops  vorvegicuSf  f.;  Asterias  ruhenSf  f.;  Alcyonium  di{fitcUumf  r. 


Ne2)hrop8  norwgicuSy  fr. ;  (no  other  invertebrates  in  trawl-net). 

Pecten  operculariSy  r.;  Nephrops  norvefflcus,  r.;  Asterias  rubenSy  rare  ;  large 
medusae,  r.  , 


Eupagunis  bemhardii3y  f. ;  Asterias  rubens,  t;  sea-anemones,  f.;  a  small 
quantity  of  wee<l. 

Jiuecinum  nndatumy  one  specimen  ;  Hyas  araneus,  f. ;  Carcinus  mamasy  f. ; 
Portunus  hoi.Hatu3y  f. ;  Eupagurus  bmhardus,  fr.;  Crangtm  allmanniy  f.; 
Pandaliis  MonUtguij  f.;  Asterias  rubens,  f.;  Neries,  sp.  f. ;  a  quantity 
of  mud  ;  Filogiana  implexay  r. ;  Slenorhi/nchuSy  sp.  r. 


II.  St  Andrews  Bat. 


Asterias  rubens^  f.;  Alcyonium  digitatuMy  f.;  a  small  quantity  of  sea- weed. 

Buccinum  undatvniy  one  ;  ffya^  araneus,  five  ;  A  sterias  rubenSy  fr. ;  a  small 
quantity  of  sea-weed  ;  Ophiura  albida,  r. 


Asterias  ruhenSy  f.;  a  small  quantity  of  sea- weed. 
Asterias  rubenSy  f.;  a  small  quantity  of  sea- weed. 

Asterias  rubenSy  f.;  a  small  quantity  of  sea- weed. 

Asterias  rubenSy  f.;  Solaster  endecay  one  specimen  ;  Aclinoloba  dianthus, 
one  si>etinion  ;  a  small  qu.intity  of  wecl. 

Eupagurus  bemhardits,  r. ;  Asterias  nihenSy  t. ;  a  quantity  of  sea- weed. 
A  sterias  rubens,  f. ;  a  considerable  quantity  of  sea- weed. 

Asterias  rubens ,  f.;  Alcyonium  digitatumy  f.;  a  small  quantity  of  sea- weed. 

Cerebralulus  angidatuSy  one  specimen;  Asterias  rubenSy  fr.  'y. Alcyonium 
digitatumy  r. 
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TABLE  C. — Rbcoao  op  Observations  made  on  Board  the 
'Garland'  during  1896. 

C.  INVERTEBRATE  FAUNA,  &c.— II.  St  Andrews  Bay— coti^itim^. 


Station 
and  Date. 


Obqanishs  Cafturbd. 


StetloB 
VI. 

1896. 

Jan.  17. 

Ifi  hours. 

Feb.  6. 
\]\  hours. 


Statloii 
I. 

1896. 
Aug.  26. 
2  hours. 

Oct.  16. 
2  hours. 

Nov.  27. 
2^  hours. 

fttattoB 
II. 

Aug.  21. 
2  hours. 

.Oct.  16. 
2  hours. 

Nov.  28i 
IfJ  hours. 

StatloB 
III. 

Auff.  22. 
1^  hours. 


Oct  20. 
1^  hours. 

Nov.  24. 
1|  hours. 


StaltoB 
nr. 

AuK.  24. 
labours. 

Oct.  23. 
2  hours. 

Nov.  26. 
2  hours. 

Stett«B 
V. 

Aug.  24. 
1  j  hours. 


Cancer  pagurus^  f. ;  Nephrops  norvegxcus^  fr. ;  Asterias  ruhens,  f. 

Eupagwrus  hemhardus,  r.  ;  Nethropa  norvegicuSy  r.  ;  AsUrias  rubenSj  c. ; 
SoUuUr  papposa,  f. ;  AlcyoniumaigUcUum,  f. 


III.  Moray  Firth. 


Pecten  (meradariSy  one ;  Asterias  rubens,  r.  : 
A  urelta  aurUa,  one. 

Portunus  hoUaius.  f. ;  Hyas  coardatuSf  r. ; 
quantity  of  weed  and  zoophytes. 


Astropecten  irreg\dariSy  one  ; 

Asterias  rubens^  f. ;  a  small 

Pecten  opercularis.  r.  ;  Stenorhynchus  rostratua^  several ;  Hyas  ooarctatuSy 
r.  ;  JSupagunts  bemharduSy  r.  j  JhtlnUaria  indivisa,  and  one  or  two  other 
zoophytes,  r. 

Portunus  holsatus,  one  ;  Nephrops  norvegicus,  twenty-four. 

Portunus  hclsatus^  r.  ;  Bupagurus  bemhardus^  r.  ;  Nethrops  norvegicus.  f. ; 
Ascidians,  f.  ;  Asterias  rubenSf  f.  ;  Sdaster  papposa^  r.  ;  Alcyonium  digi- 
iatum,  f.  ;  sea  anemone,  r. ;  a  small  quantity  of  weed  and  zoophytes. 

Pecten  opercularis,  r.  ;  Ascidians,f.  ;  Oalathea,  sp.  r.  ;  Asterias  rvJbens,  f.  ; 
Solaster  papposa,  f.  ;  Anemone  sp.  r.  ;  Alcyonium  digitatum^  f. ;  a  small 
quantity  of  sea- weed. 

Pecten  opercularis,  six  ;  Tapes  ptdlcuftra,  one ;  Modida  modiolus,  one ; 
Buccinum  undatuin,  r.  ;  Eupagurus  hemharaus,  r.  ;  Eupagurus  pubes- 
cena  (surrounded  by  a  sponge),  one  ;  Asterias  rubens,  f. ;  Brittle  starfish, 
f.  ;  Echinus  esculentus,  five  ;  Echinus  miliaris,  one ;  Cucumaria  (?) 
frondosa,  twelve  ;  Alcyonium  digiiatum,  r. ;  a  quantity  of  weed  in  which 
a  few  zoophytes  were  mixed  up. 

Pecten  operctUaris,  one  ;  Buccinum  undatum^  two  ;  Portuniis  holsatus,  f.  ; 
Solaster  papposa,  one  ;  Cucumaria,  {^/rmulosa,  two  ;  Echinus  esculentus 
f. ;  some  zostera  and  zoophytes. 

Pecten  opercularis,  r. ;  MytUus  modiolus,  f.  ;  Buccinum  undatum,  r.  ; 
Trochus  cinerarium,  f.  ;  nyas  araneus,  r.  ;  Eupagurus  bemhardus,  r.  ; 
Pandalus  Montagui,  f. ;  Asterias  rubens,  f.  ;  Brittle  starfish,  f.  ; 
Echinus  esculentus,  f.  ;  Cucumaria,  f.  ;  Alcyonium  digiiatum,  f.  ;  a 
quantity  of  £ea-weed. 

Cardium  echinalum,  (dead)  one ;  several  large  medusse. 

Portunus  holsaius,  t ;  Eupagurus  bemhardus,  r.  ;  Asterias  rubens,  f. ; 
zoophytes,  f. ;  large  medusas,  r. ;  a  small  quantity  of  weed. 

Portunus  hdsatus^  one ;  Asterias  rubens,  c  ;  Solaster  endeca,  r.  ;  Astro- 
pecten irregularis,  one  ;  a  small  quantity  of  weed. 


Asterias  rubens,  one  ;  Echinus  esculentus,  one ;  Sea  anemone,  one ;  Aloy- 
onium  digiiatum,  r.  ;  Aurelia  aurita,  f. ;  a  small  quantity  of  weed. 
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TABLE  C. — Rkcord  op  Observations  madb  on  Boaed  tbb 
*  Garland'  during  1896. 


0.  INVERTEBRATE  FAUNA,  &o.— III.  Moeay  Fieth— con^inweei 


Station 
and  Date. 


Obganishs  Captured. 


1896. 
Oct.  28. 
1}  houn. 

Nov.  25. 
1^  hours. 

Statlou 
¥1. 

Auk.  25. 
1^  hours. 

Oct.  23. 
1  j  hours. 

Nov.  25. 
1  j  hours. 


ftlatlon 

Aug.  25. 
If  hours. 

Oct.  23. 

2  hours. 

Nov.  26. 
1^  hours. 


Blatlou 
vin. 

Aug.  25. 
1^  hours. 

Oct.  24. 
1^  hours. 

Nov.  26. 
l{^  hours. 


Station 
IX. 

Auk.  25. 
!{  hours. 

Oot.  24. 
155  hours. 


Nov.  26. 
1^  hours. 


Station 
X. 

Aug.  26. 
2  hours. 


Portunus  ?iol3atus,  f.  ;  Asterias  nibenSf  r.  ;  Astrqpecten  irregularis ^  r,  ; 
zoophytes,  f. ;  some  weed. 

Asterias  rubens,  fr.  ;  Solaster  papposa^  f.  ;  Solaster  endeca^  t  ;  Echinus 
esctUentuSf  fr. ;  Cttcumaria,  sp.  one ;  a  small  quantity  of  zoophytes  and 
weed. 


ffyas  coarctatus,  r. ;  Eupagurus  bemhardtiSf  r.  ;  Asterias  rubens  f.  ; 
Awelia  an/riia^  f.  ;  sponges,  L 

ffyas  coarctatuSf  one  ;  Portunus  holsatus^  r.  ;  Eupagurus  hemhardus,  r. ; 
Asterias  rubens,  f.  ;  zoophytes,  f.  ;  a  small  quantity  of  weed. 

Modiola  modiolus ,  r.  ;  Eupagurus  bemhardus,  f.  ;  Asterias  rubens,  fr.  ; 
Solaster  papposa,  f. ;  Solaster  endeca,  f.  ;  Aleyonium  dinitatum^  r. ; 
zoophytes  0iphasia,  Flustra,  Sertularia,  &c.),  f.  ;  a  small  quantity  of 
weed. 


Eupagurus  bemharduSf  v.;  Nephrops  norvegicus,  r.;  Asterias  rubens,  f.; 
Echinus  escuUntus,  one  sea  ;  anemonea,  one. 


Portunus  holsatus,  one ;  Ascldians,  r. 
trawl-net.) 


(Scarcely  any  invertebrates  in  the 


Pecten  opercularis,  three;  Eledon  cirrhosa,  one;  Ascidia,  sp.,  one; 
Eupagurus  Prideauxii,  r.;  Nephrops  norvegicus,  r.;  Galaikea  dispersa, 
one ;  Asterias  rubens,  f. ;  Solaster  papposa,  r. ;  Solaster  endeca,  one  ; 
Ooniaster phrygianus,  one;  Astropeclen  irregularis,  r. 


Cyprina  islandica,  one ;  Fusus  gracilis  (dead),  one ;  Eupagurus  bemhardus, 
one  ;  Asterias  rubens^  r. ;  Echinus  esculentus,  several ;  Actinol(^  dianthus, 
several ;  FUograna  impUxa,  a  piece. 

Inachus  dorsettensis,  two;  Eupagurus  bemhardus,  r. ;  Eupagwus  Prideauxii, 
(with  investing  Adamsia),  f.;  Nephrops  norvegicus,  Ir.;  Asterias  rubens, 
f.;  Cucumaria  (1)  frondosa,  one. 

Eupagwus  Prideauxii,  one;  Stenorhynchus  longirostris,  one;  Asterias 
rubens,  r.;  Ascidians,  one;  Cucumaria,  sp.,  one;  FUograna  implexa 
small  portion ;  Actinoloba  dianthiis,  five.  ' 


Ophiura  texturata,  one ;  Echinus  esculentus,  f. ;  SpcUangus  purpureus,  f. ; 
Actinoloba  dianthus,  several. 

Pecten  opercularis,  one ;  Octopus  vulsfaris,  one ;  Ascidians,  f. ;  Asterias 
rubens,  f.;  Luidia  sarsi,  one;  Ooniaster  phrygianus,  two;  Actinoloba 
dianthus,  several ;  Aleyonium  digitatum,  fr.;  Cucumaria  (?)  fnmdosa, 
one ;  FUograna  implexa,  one  or  two  small  pieces.  Echinus  escidentw 
(jun.),  three ;  (a  single  specimen  of  Styli/er  Twtoni  was  obtained  on  one 
of  these  young  Echini). 

Pecten  opercularis,  one ;  FHisusantiquus,  one  ;  Loligo  vulgaris,  one  ;  Cancer 
pagwrus,  one  ;  Asterias  rubens,  f. ;  Luidia  ciliaris,  one  ;  Ooniaster  phrygi- 
anus, Uio\  Actinoloba  dianthus,  ft,;  Aloyonium: digitatum,  f.;  zoophytes 
{Hydralhnannia,  Flustra),  f.;  a  small  quantity  of  weed. 

Fusus  antiquus,  one  ;  Eupagurus  bemhardus,  f. ;  Asterias  rubens,  t;  Solaster 
papposa,  ontj  Ooniaster  phrygianus,  one ;  Actinoloba  dianthus,  one ; 
Alcyontum  digitatum,  f.;  Pennatula  phosphorea,  one;  Aurelia  aurita, 
one ;  Pontobddla  muricata  (on  skate),  one. 
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TABLE  C. — Record  op  Observations  made  on  Board  the 
•Garland'  during  1896. 

C.  INVERTEBRATE  FAUNA,  &o.— III.  Moray  YiKTU^continued, 


Station 
and  Date. 


Orqanisms  Captured. 


_. 


1896. 

Oct.  24. 

\\%  hours. 


Nov.  27. 
1^  hours. 


Station 
XI. 

Oct.  15. 
2  hours. 

Station 
XII. 

Oct.  15. 
2  hours. 


Station 
XIII. 

Oct.  14. 
2  hours. 


Station 
Xlt. 

Oct.  14. 
2  hours. 

Station 
XV. 

1895. 
Oct.  14. 
2  hours. 


Station 
X¥I. 

Oet.  14. 
2  hours. 


Station  t. 

AprU  13. 
li  hours. 


Nov.  2. 
\\  hours. 


Pecten  operculariSf  r. ;  Cancer  pa^urusy  one  ;  Asterias  rubenSy  f. ;  Luidia 
cilianSy  one  j  Ooniaster  phrygtanuSy  f. ;  Palmipes  membranaceus,  one ; 
Echinus  miliaris,  one  j  Inachus  dorsetteitsisj  three  ;  Alcyonium  digiiatvmf 
r.;  a  very  small  quantity  of  zoophytes  and  sea- weed. 

Pecten  operculartSy  f^.;  Fusua  antiqwis,  one  ;  Ascidians,  r.;  8tenorhi/nchus, 
rostraluSf  one;  Huas  coarctatus,  r.;  Eupagurus  bernhardus.  r.;  Cancer 
vagurus,  one  ;  Ocuatheay  sp.,  one  ;  Asterias  rubenSy  fr.;  Sdaster papposa^ 
f.;  SolasUr  endeca,  r. ;  Ooulaster phrygianiLSy  eleven  ;  Astrt^ectemrregti- 
laris,  one  ;  CucwnariayS^.  r.;  BotrylluSy  sp.  r.j  FUograna  tmplexa,  small 
quantity ;  zoophytes  {Flustra,  Tabularia  indivisay  HydTdllmannia)^  f. 

Modiola  modiolus^  f.;  BuccinuMf  spawn,  a  small  quantity;  Eupagurus 
bemhardiis,  t;  Ascldians,  f.;  Cvcumaria  (?)  /roivdosa,  r.;  AUyoniwn 
digUatum,  t. 

Pectin  opercularis,  f.;  Eupagurus  bemharduSy  f.;  Ascldians,  f.;  AsieriMs 
rubens,  fr. ;  Oonittster  phrygianusy  f. ;  SpcUangus  purpweus,  several ; 
Cttcumaria  (i)  frondosay  f.;  AlcyoniuMy  fr.;  a  quantity  ol  weed  and  a  fow 
zoophytes. 


Pecten  opercularls,  f.;  Ascidians  (common),  several ;  Modiola  modioluSy  r.; 
Eupagurus  bernharduSy  t;  Echinus  esculent  us,  r.;  Alcyonlum  digitatumy 
L ;  a  small  quantity  of  sea- weed. 


Pecten  operctdaris,  f.;  Ascidians,  f. ;  Portunus  holsatus,  r. ;  Eupagurus  bem- 
hardus,  f.;  Asterias  rubefnSy  several ;  Cucumaria  {i) /roniosUy  r.;  a  i 
quantity  of  sea- weed. 


Pecten  opercaUiriSy  f.;  Fvs^is  antiquuSy  r.;  A<»cidians,  serernl  Eupagwrus 
BemhardaSy  f. ;  Asterias  rnbenSy  fr. ;  Ophiura  albiday  f.;  Ooniaster 
phrygianus,  r.;  Echinus  esadentusy  f.;  cucumaria  (?)  frondnsa^  r.; 
Actinoloba  dianthtiSy  f.;  Filograna  impUxOy  one  or  two  small  pieces  ;  a 
small  quantity  of  weed. 

Pecten  opercular  is  y  f.s  Buccinum  undatuniy  one  ;  a  small  quantity  of  Bucci- 
num  spawn.  Ascidians,  f. ;  Eupagurus  BemhardaSy  f.;  Asterias  rubenSy 
several;  Goniaster  phrygianuSy  r.;  Echinus  esculentuSy  r.;  Bpaiangus 
purpureuSy  r. ;  a  small  quantity  of  sea- weed. 


IV.  FiuTH  OF  Clyde. 


Buccinum  '  spawn,*  fr. ;  AscidianSy  fr. ;  Steno- 
r. ;  Lithodcs  maiay  two  ;  Byas  coarctatuSy 
Asterias  rubenSy  {.;  zoophytes  and  sea- 


Pecten  opereularisy  several. 
rhynchusy  sp.  r. ;  InachuSy  sp.  r. ;  lAthoiies  maiay  two ;  Byas  coarctatuSy 
f. ;  Eupagurus  Prideauxii,  t.',  A. 
weed,  fr. 

Pecten  operculariSy  c;  Loligo  vulgar iSy  one.  Inachus  dorynchusy  r.; 
Stenorkynchus  rotttatuSy  r.;  Stenorhpnchus  longirostriSy  r.;  Munida 
Bonddettiiy  one.  Eupagurus  Piideauxii,  f . ;  Oalatkca  dispersay  r. ;  Pun 
dolus  Montaguiy  r.;  Asterias  rubenuy  f.;  Asterias  glacialiSy  r.;  Porwnia 
pulvillusy  f.;  Echinus  esculentuSy  fr.;  a  quantity  of  sea- weed.  IHphasia 
pinaster,  Sacculina,  sp.  (on  Munida)y  one  specimen. 
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TABLE  C. — Kboord  of  Observations  made  on  Board  the 
'Garland'  during  1896. 

C.  INVERTEBRATE  FAUNA,  &o.— IV.  Firth  of  Clyde— coniiwt^i. 


Station 
and  Date. 


Oboanisms  Capturbd. 


1896. 

fttatioB 

n. 

April  13. 
]^  hours. 


Oct.  29. 
If  hours. 


Slattou 
III. 

April  10. 
1^  hours. 

Oct.  29. 
1  hour  25 
minutes. 


gUttOB 

IT* 

April  10. 
f  hour. 


Oct.  29. 

40 
minutes. 


gtalloB 
V. 

April  10. 
1^  hours. 


Oct.  30. 
1  hour. 


Slatlon 
VI. 

April  13. 
2^  hours. 


Oct.  28. 
2  hours. 


Eltdone  cirrhosa,  one.  Ascidians,  f.;  LWwdes  maiOj  one.  EupaguriM 
Thomp9oni  ?  in  sponge,  one  ;  Nephropa  norvegicus,  r. ;  Asterias  rubenSt  f . ; 
OphiothHx  froffuis,  r.;  Palmipes  placenta^  one;  sea  anemones  (Actino- 
loba,  &c),  fr.;  Echinus  escuUntus^  fr.;  zoophytes,  f. 

Peeten  opemdaris,  f . ;  Eyprcea  europea,  two  ;  Trochus,  sp.  r. ;  Eupagurus 
Prideauxii,  fr.  {with  A  damsia)  Lithodea  maia,  one  ;  NephropsnorvagicxUt 
t, ;  Asterias  rvhens,  f. ;  Asterias  glacialisy  one ;  Astropecten  irregularis, 
one  ;  Porania  pulvillus^  one  ;  Echinus  esculentus,  f r. ;  Brittle  ste^^h,  f . 
sea  anemone,  r. ;  a  considerable  quantity  of  weed. 


Buccinum  wndaiumt  one  ;  Eyas  coarctatus,  t ;  Eupagurus  Prideauxiif  r. ; 
Nephrops  norvegicus,  r.;  Echinus  escvlenius,  fr.;  Brissopsis  lyrifera^ 
one  ;  Lineus  marinuSf  one ;  sea  anemones,  f . 

Peeten  opercularis,  r.;  Hya^  coarctalus,  f.;  Nephrops  norvegicus,  f.; 
Asterias  rubens,  f.;  Asterias  gl<icialiSy  one ;  Porania  pulvilluSf  f.; 
Astropecten  irregularis,  one  ;  Echinus  esculentus,  fr.;  sea  anemones, 
f r. ;  a  considerable  quantity  of  sea  weed. 


Peeten  opercularis,  t;  Cpprina  islandica,  one  and  several  dead  shells. 
Eupagurus  Prideauxii,  f.;  Asterias  rubens,  fr.;  SolaMer  endeca,  two; 
Porania  pulviUus,  f.;  Echinus  esculentus,  fr.;  sea  anemones,  f.;  sea- 
weed, a  oonsiderable  quantity. 

Peeten  opercularis,  r.;  Modiola  modiolus,  one;-  Ascidians,  r.;  Asterias 
rubens,  f. ;  Lithodes  maia,  one  ;  Porania  pulviUus,  r. ;  Palmipes,  one  ; 
Echinus  eseuletUus,  f.;  sea  anemones  [Actinoloba  diatUhus,  &c.),  fr.;  a 
small  quantity  of  sea-weed. 


Peeten  opercularis,  fr.;  Acidians,  several ;  Portunus  depurator  (jun.),  one. 
Eupagurus  Pridea/uxii,  f.;  Asterias  rubens,  f.;  Palmipes  placenta,  one ; 
Porania  pulvUlus, one  ;  Echinus  esculentus,  fr.;  zoophytes  Ulustra,  kc), 
a  large  quantity  of  sea-weed  also  a  piece  of  decayed  wood  containing 
specimens  of  Xylophaga  dorsalis, 

Ariomia  ephippium,  one  ;  Peeten  opercularis,  fr.;  Velutina  Icevigata,  one 
Inaclms,  ap.  one;  Lithodcs  maia,  sit;  Eupagurus  PHdcauxii,  fr.. 
Asterias  rubens,  f.;  Asterias  glneialis,  two  ;  Luidia  ciliaris^  two  ;  Pal- 
mipes placenta,  one ;  Porania  pulviUus,  one  ;  Echinus  esculentus,  ? ; 
Actindoba  diantkus,  t;  a  few  zoophytes  and  a  considerable  quantity  of 
sea- weed. 


Peeten  opercularis,  f.;  Fusus  antiquus,  f.;  Fusu^  gracilis,  f.;  Eupagurus 
bemhardus,  f.;  Eupagurus  Priaeauxii  (with  Aaatns^ia),  t;  Eupagurus 
Thompsoni  (with  sponge),  f.;  Asterias  rubens,  f.;  Solaster  papposa,  f.; 
Astropecten  irregularis,  one;  Echinus  esctUentus,  f.;  Spalangus  pur- 
puretts,  f.;  zoophytes  {Flustra^  &c.),  fr.;  a  considerable  qimntity  of  sea- 
weed. 

Peeten  opercularis,  ah.;  Inaehus  dorcynchus,  f.;  Stenorhynchus,  sp.  f.; 
Cancer  pagurus,  one  ;  Eupagurus  Prideauxii,  fr. ;  Munida  Rcmddettii, 
one ;  Eupagurus  bemhardus,  one ;  Loligo  vulgaris,  one ;  Asterias 
rubens,  f.;  Asterixs  glacialis,  two  ;  Solaster  papposa,  f.;  Solaster  ouieca, 
one  ;  Astropecten  irregularis,  one  ;  Porania  pulviUus,  f.;  Palmipes  pla- 
centa, one;  Echinus  esculentus,  one;  Flustra,  sp.  fr.;  a  quantity  of 
sea-weed. 
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TABLE  C. — Rhoord  op  Obshbvations  madb  on  Boabd  thb 
*  Garland'  during  1896. 


C.  INVERTEBRATE  FAUNA,  &a— IV.  Fieth  of  Clyde— <»n/wu«r. 


Station 
and  Date. 


Organisms  Captured. 


Station 
VII. 

1896. 
April  15. 
IH  hours. 

April  20. 

2  hours. 

(Night 

haul.) 

Oct.  31. 
1}  hours. 


Nov.  3. 
1  hour 
35  minutes. 
(Night 
haul.) 


Station 
¥111. 

April  15. 
2  hours. 

April  21. 

2A  hours. 

{Night 

hauL) 

Oct.  31. 

1  hour 

40  minutes. 

Nov.  8. 

If  hours. 

(Night 

hauL) 

Station 
IX. 

April  14. 
2  hours. 

Oct.  31. 
If  hours. 

Station  X. 

April  14. 
2  hours. 

Shrimp 
Traill. 

April  14. 

11-36  a.  m. 
to 

12.5  p.m. 

Oct.  28. 

1  hour 

50  minutes. 


Peden  operciUariSf  one ;  Nephrops  norvegicvfy  f.  ;  Asteriou  rubenSy  f. ; 
Sokuter  endeca,  f . ;  Echinus  esctUentuSf  one ;  zoophytes,  f . ;  a  small 
quantity  of  weed. 

Peden  opercularis,  r.;  Eupagurus  hemhardus.  r.;  Nephrops  norvegtcui,  f.; 
BrisiopHs  lyrifera,  f . ;  PenruUula  phosphoreay  r. 


Pecten  opereuXarity  i.  ;  Inachus,  sp.  f.  ;  Cancer  pagurm,  one ;  Lithodes 
tnaia,  one;  Eupagurut  PrideatLoni,  t;  Nephrops  norvegicuSf  f.;  Asterias 
glacialis,  one  ;  Luidia  cUiariSy  three ;  Porania  pulvUZus,  f . ;  Echinus 
esculentuSf  fr. 

Pecten  opercularU,  it.  ;  Stenorhynchus,  sp.  one ;  Ckincer  pagarus,  one ; 
Eupagurus Pridcauxii^  fr. ;  Nephrops  norvegiaUy  t;  AsUrias  rubenSt  fr.; 
Astropectcn  irregularis^  f.;  Alcyonium  digitatum,  r.;  a  small  quantity 
of  sea-weed. 


Nephrops  norvegieus,  f.;  Asterias  ruhensy  r.;  PcUmipes  placenta,  one; 
Brissopsis  lyrifera,  r.;  Pennatvla  phosphorea,  f.;  a  small  quanti^  of 
sea-weed. 

Pe^^ten  operculariSy  r.  ;  Stenorhynchus,  sp.  ;  Eupagvrus  Prideauxii,  r.  ; 
Nephrops  norvegicus,  several ;  Asterias  rubensy  f.;  Asterias  glaciaUsy  r.; 
Ophiura  ciliariSy  {.;  a  small  quantity  of  sea- weed. 

Eledon  cirrosoy  one ;  Nephrops  norvegicus,  f  r. ;  Asterias  rubens,  one ; 
Palmipes  placenta,  one  ;  a  small  quantity  of  sea- weed. 

Oonoplax  angulatus  (<J),  one;  Stenorhynchus,  sp.  f.;  Eupagurus  hem- 
hardusy  one ;  Eupagurus  PrideauxO,  f. ;  Nephrops  norvegicus,  f.  ; 
Asterias  rubens,  i.  ;  Palmipes  placenta,  four ;  a  small  quanti^  of 
sea-weed. 


Nucula  sulcata,  one ;  Nephrops  norvegicus,  several ;  Asterias  rubens,  one ; 
Brissopsis  lyrifera,  several;  PemuUula  phosphorea,  several;  Flustra 
foliacea  and  other  zoophytes,  f.;  a  small  quantity  of  sea-weed. 

Cephalopoda  (Eledone),  one ;  Nephrops  norvegica,  fr. ;  Oalathea  dispersa, 
one ;  Asterias  rubens,  r.;  a  small  quantity  of  weed.  ' 

Pecten  opercularis,  f.;  Inachus  dorsettensis,  one ;  Nephrops  norvegicus,  f.; 
Asterias  rubens,  f.;  Palmipes  placenta,  one;  Alcyonium  digUatum,  f.; 
zoophytes  and  sea- weed,  fr. 


Nucula  sulcata,  f r. ;  Scrobieularia  alba,  one ;  Natica  sordida,  one ;  Doris 
Johnstoni,  f.  ;  (one  with  JAchomolgus  agilis  (Leydig) ;  Pandalus 
Montagui,  one;  Brissopsis  lyrifera,  one;  Pennatula  phosphorea, 
several ;  zoophytes  {Flustra),  f . 

Pecten  opercularis,  ninety -eight ;  Tritonia  Homhergi,  one ;  Inachus  dorset- 
tensis, f.;  Loligo  vulgaris,  one;  Stenorhynchus,  sp.  r.;  Eupagurus  Pri- 
deauxii,  f. ;  Nephrops  norvegicus,  f. ;  Asterias  rubens,  f. ;  Goniaster 
phrygiamus,  two  ;  Solaster  papposa,  f.;  Echinus  esculentus,  one. 
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TABLE  0. — Keoobd  of  Obsbbvations  madb  oir  Boabd  thb 
'Gablakd'  during  1806. 


C.  INVERTEBEATE  FAUNA,  4c.— IV.  Firth  of  Oltdb— ccwUtnu^d. 


Station 
and  Date. 


Oboakisms  Captured. 


1896. 
Oct.  28. 
i  hour. 


SUtlon 
XI. 

April  16. 
1^  hour. 

Oct.  30. 

1  hotp: 

^minutes. 


SUItOB 

xn. 

April  16. 
IH  boan. 

Shrimp 
TrawL 

April  16. 
1.55  p.m. 

to 
2,25  p.m. 

Ordinary 
Trawl. 
(Night 
haul.) 

April  21. 

9.15  to 

11.20  p.m 

Oct.  30. 
2hoara. 

Oct.  80. 
\  hour. 

Nov.  4. 

2  hours 
5  minutes. 
Sanda  to 

Bennan 

Head  (6 
hauls  with 
thelshrimp 

trawl). 

Apr.  20. 
8.20  to  9.10 

a.ni. 
(Isthaul). 

Apr.  20. 

aaoto 

iai5a.oi. 
(2nd  haul). 

Apr.  20. 

10.45  to 
11.30  a.m. 
(3rd  haul). 


Cephalopoda  ((?)  Eledone)^  five;  Portunut  depurator,  f.;  Nephropf  nor- 
vegicusy  c;  AsUricu  rubens,  r. 


Echinus  eacuUntus,  one  ;  Brissopsis  lyrifera,  one ;  Porania  pulviUus,  one ; 
a  considerable  quantily  of  sea- weed. 

Cephalopoda  (Eledone)^  one ;  Inachus,  sp.  one ;  Astertas  rubent^  t ; 
Solaster  endeca,  one ;  Luidia  cUiariSt  one ;  Porania pulvilluSf  f. ;  Echinus 
norvcgicusj  h. ;  Actinoloba  dianthus,  f.;  a  considerable  quantity  of 
sea- weed. 


N^hrops  noTvegicuSy  r.;  Pandalus  Montagui^  one  ;  Brissopsis  lyri/era,  r.; 
zoophytes,  r. ;  a  small  quantity  of  sea- weed 


Pectenpes  lutrce^  r.;  Nucula  stdcata,  fr.;  Nephrops  norvegicus,  f.;  Cranaon 
Almanniy  {.;  Pandalus  Montagui,  f.;  Amphtv^raf  sp.  r.;  smi^ll  cuttle- 
fish, f. ;  Pennatula  phosphorea,  several ;  sponge,  sp.  r. 


Nephrops  norvegicus,  f.  ;  Astertas  rubens,  r. ;  Brissopsis  lyrifera,  t. ;  i 
anemone,  f. ;  Pennaiula  phosphorea,  f.;  a  small  quantity  of  sea- weed. 


Nucula  sulcata,  fr. ;  Brissopsis  lyrifcra,  f. ;  Bhizosiofna,  one. 

Eyas  coarclatus,  r. :  Nephrops  norvegicuSf  f. ;  Brissopsis  lyrtf era,  r. ;  Echinus 
esculentuSf  f. ;  a  large  quantity  of  sea- weed. 


Lima  kians,  t )  Sepiola  RondelHH,  one  ;  Hyos  cmrclntus,  f. ;  Munida  Ron- 
deletii,  one ;  Porania  pulvUlv^Sy  one  ;  Pennatida  phosphorea,  one  ; 
Ascidians,  f.;  Asterias glacialis,  one  ;  Antedon  bifida,  one;  Trochus  zizy- 
phinvs,  two ;  zoophytes,  f. 

Mactra  eUipika,  two ;  Stenorhyn^lius,  sp. ,  one  ;  Sepiola  Bondeleiii,  one ; 
Pecten  optrcularis,  one  ;  Hyas  coarctatvs,  two  ;  Portunus  cUpurator,  one  ; 
Pandalus  Mm^tagui,  f. ;  Luidia  ciliaris,  one  ;  Solaster  papposa,  one  ; 
Stichaster  roseus,  two  )  Porania  ptUvillus,  r.;  ^nUangus  puipureas,  two  ; 
Zoophytes  {Flustra,  Hydralhnannia,  &c.),  f. 

Pleurobranchus  plumula,  three  :  As<idians,  f.;  Stenorhynckus,  sp.,  r.;  Uyas 
coarctatus.  t;  GakUheaHp,.  t;  Ilijppolyte  sp.,f.;  OphiothrixfragUis,  r.; 
Anlsdm  bifida,  v.  r.;  Aphrodita  actUeata,  one;  Alcyonium  digikUuBiy 
f.;  sponges,  f.;  zoophytes,  f.;  SabcUa  sp»,  r. 
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TABLE  C. — ^Rboord  of  Observations  made  on  Board  thb 
'Garland'  duriko  1896. 

C.  INVERTEBRATE  FAUNA,  Ac— IV.  Fieth  of  ChTDf^-^xmiinued. 


Station 
and  Date. 


OBOJlNISMS  Cafturbd. 


1890. 

Apr.  20. 

1.0  to  1.40 

p.m. 
(4th  haul). 

Apr.  20. 
2.15  to  3.0 

p.m. 
(5th  haul). 

Nov.  8. 

1  honr. 

Station  IV. 


Corsewall 
to  Moll  of 
Cantyre  (2 
hauls  with 
Shrimp 
Trawl). 

Apr.  21. 

9.45  to 
10.10  a.m. 
(Ist  haul). 

Apr.  21. 
11.46  a.m. 

to  12.40 

p.m. 

(2nd  hanl). 

Nov.  4. 
35  minutes. 
Station  VL 

Station 

VII. 

Nov.  4. 

25  minutes. 

Pladda  to 

Tumberry 

Point  (8 

hauls  with 

Shrimp 

TrawL 

Apr.  22. 

9.40  to 
10.25  a.m. 
(Ist  haul). 

Apr.  22. 

11-Oto 

11.45  a.m. 

(2nd  haul). 

Apr.  22. 

12.5  to 
12.50  p.m. 
(3rd  haul). 


A  large  quantity  of  shell  sand. 


No  invertebrates. 


A  large  Rhizostoma. 


StenorhynchtLS  sp.,  r.  ;  ^upagw^is  hemhardriSj  f.  ;  Crangon  Atlmanni,  t. ; 
Pandalus  Montagui,  f.;  Pasiphau  sivado,  three  ;  Antedon  bifida,  one. 


nippolyiesecurifrons  (?),  one  ;  Crangon  Allmanni,  f.;  Pandalus  Montagui, 
c. ;  zoophytes  {Fluatray  &c.),  fr. 


Pasiphcca  sivadOj  several ;  Pandalus  Montagui.  c. ;  Hippolyie  secur^frons, 
f;  Munidtty  several ;  Crangon  spinosus,  several ;  Crangon  {1)  echinulatuSf 
several ;  Nika  edulis,  several. 

PflWi^A^Bff,  four ;  HippolylesecurifronSfT.;  Stenopleu8tesnodifer,r,)  Param- 
phUhoe  bicuspiSy  r. 


Sepiola  Rondeletn,  f.  ;  Nephrops  norvegicuSy  f.  ;  Crangon  AUmanni,  r.  ; 
Pandalus  Montagui,  f. ;  Pennatula  phosphorea^  f.  (A  few  invertebrates 
in  trawl  net.) 

Nucula  sulcata^  tr.  ;  Sepiola  Rondelelii,  one  ;  Nephrops  norvegicuSy  r.  ; 
Crangon  AUmannif  r.;  Brissopsis  lyrij'etay  one;  Pennatula ph4)8phorea,  f. 


Fmus  antiquusy  one  ;  Sepiola  Rondeletii,  r. ;  ITi/as  coarctaiuSy  one ;  Nmhrops 
norvegicusy  one  ;  Astcrias  ruhais,  f.  ;  Parania  pulviUuSy  one  ;  Echinus 
esculenius,  one;  Brissopsis  lyri/eray  f.;  Pennatula  phospharea,  c;  a 
quantity  of  weed. 
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'Garland'  during  1896. 

C.  INVERTEBRATE  FAUNA,  &c.  -I.  Uppbe  Loch  Fyne. 


Station 
and  Date. 


Grganisms  Capturbd. 


1895. 

Shrimp 

Trawl. 

Strachur 

Bay. 

May  6. 

I  hour. 

Castle 

Lachlan 

Bay. 

May  6. 
\  hour. 

Loch  6air. 

May  6. 

40  minutes. 

Otter  Spit 

Maya. 
40  minutes. 

Ordinary 
TrawL 
Dunderaye 
to  Low- 
bum. 

Mays. 
1|  hours. 

Nov.  12. 
2  hours  10 
minutes. 

Penmore 
to  Inver- 
aray. 

Nov.  12. 
2  hours  10 
minutes. 

Loch  Gair 
to  Minard. 

Nov.  18. 
1  hour  25 
minutes. 

Invene  to 
Furnace. 

Nov.  13. 
1  hour  20 
minutes. 

Loch  Gair 
to  Largy- 
more. 

Nov.  14. 
1  hour  10 
minutes. 


Pecten  operculariSy  f.;  Trochus  cinerariuSy  fr.;  Buccinum  undaium,  one; 
Asierifis  ruben8^  one;  Solaster  pappoaa,  one  ;  Echinus  mtliariSjC;  a  large 
quantity  of  sea- weed. 


PecUnopei'cularis,f,;  Trochus ctnerariusjtr.;  Eyas coarctcUus, one;  Ophio- 
coma  nigra,  f.  ;  Echinus  mUiaris,  f. ;  Echintts  esculentus,  one  ;  Arenicola 
pisccUorum,  one. 

Trochus  cinerarlus,  f.;  Ophiocatna' nigra,  c;  Echinus  miliaris,  f.;  Echinus 
escuUnlus,  two,  a  large  quantity  of  sea-weed. 


Modiola  modiolus,  two  ;  Echintts  miliaris,  c. ;  Echinus  esculentus,  one  ;  a 
laige  quantity  of  sea- weed. 


Buccinum  undalum,  two ;  Fusus  antiquus,  two  ;  A  mphtdotus  cordaius, 
three ;  Amphiurus  sp.,  one  ;  Echinus  escidenius,  one.  A  large  quantity 
of  weed. 

Pecten  opercuUtris,  f.;  Trochus  sp.,  f.;  Ascidians,  f.;  Eupagurus  sp..  f.; 
OaUUhea  sp.,  r.;  Asterias  rvbens.  f.;  Solaster  papposa,  r.;  Echinus  escti- 
lentus,  f.    A  quantity  of  sea-weed. 


Hya^  ooarctaius,  f. ;  Liihodes  maia,  one ;  Echinus  esculentus,  f. ;  sea  ane- 
mones, f. ;  a  quantity  of  sea  weed. 


Pecten  opercuUtris,  f.;  Eyas  coarctatus,  f.;  Asterias  rubens.f.-,  brittle  star- 
fish, f.;  Eupagurus  sp.,  r.;  Echinus  esculentus,  f.;  sea  anemones,  f.  A 
quantity  of  sea- weed. 


Pecten  opercularis,  f. ;  Trochus  sp.,  f. ;  Eupagurus  sp.,  f. ;  Liihodes  maia,  f. ; 
Nephrops  norvegicus,  f.;  Asterias  rubens,  f.;  sea  anemones,  f. ;  a  quantity 
of  sea- weed. 


Buccinum  undatum,  r.;  Nucuia  sp.,  f.;  Trochus  sp.,  f.;  Ascidians,  f.; 
Pecten  opercularis,  f.;  Eupagurus  sp.,  r.;  Asterias  ruhens,  f.;  brittle 
starfish,  f.;  Echinus  esculentus,  t;  sea  anemones,  r.;  a  quantity  of  sea- 
weed. 
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TABLE  C. — Record  of  Observations  made  on  Board  the 
'Garland'  during  1896. 


D.  PHYSICAL  OBSERVATIONS-L  Firth  of  Foktr. 

station. 

Date,  and 

Hour. 

End 
of 
Sta- 
tion. 

Temperatare. 

Wind. 

Weather. 

Sea. 

Tide. 

Baro- 
meter. 

h2 

Air. 

Water. 

Dry 
Bulb. 

Sur- 
face. 

Bot- 
tom. 

^f"    Direc- 
faSs.     «on. 

Force. 

Station  I. 

1895. 

Jan.  24. 

10.20  a.m. 

11.50  a.m. 

W. 
E. 

4«-7 
47-8 

41-2 
41-2 

431 
422 

le 

16 

W.S.W. 
W. 

4 

5 

Cloudy. 
Showery. 

SUght 
Moderate. 

2h.ebb. 

29-70 
29-71 

? 

Feb.  14. 
11a.m. 
1  p.m. 

E. 
W. 

44-6 
46-0 

42-9 
42-8 

428 
42-5 

16i 
16 

W.N.W. 
W.byN. 

8 

4 

Cloudy. 

Slight. 

^;; 

30-30 
80-27 

8 

n 

Station  IL 

Jan.  24. 

11.25  p.m. 

2.5  p^m. 

W. 
E. 

45-6 
45'« 

41-2 
41-2 

42-0 
42  0 

13 
10 

W. 
W.  by  S. 

6 

4 

Cloudy. 
Showery. 

Moderate. 

4  h.  ebb. 

2969 
29-66 

? 

Feb.  24. 

.. 

.. 

Station  m. 

■■ 

** 

Jan.  20. 
12.10  p.m. 
3.15  p.m. 

E. 
W. 

411 
42-2 

41-4 
41-9 

41-7 
42^ 

7 
10* 

W.S.W. 
S.W. 

5 
8 

Hazy. 
Slight  haze. 

Moderate. 
Slight 

near  h.  w. 
8h.  fl. 

80-86 
80-88 

j» 

Feb.  18. 
11.20  a,m. 

E. 

43 -8 

480 

43-8 

E.S.E. 

1 

Overcast 

Slight  E. 
swell. 

2f       M 

80-40 

2 

2.20  p.m. 

W. 

44-2 

42-8 

42-6 

.. 

E.a£. 

Light 

„ 

5f    „ 

80-88 

n 

Station  lY. 

Jan.  21. 
11.10  a.m. 
2.35  p.m. 

E. 
W. 

401 
42-8 

40-9 
409 

419 
41-7 

6 

W.S.W. 

S.W. 

8 
8 

Hnzy. 

Slight 

5i  h.  ebb. 
2*h.fl. 

80-27 
8018 

2 

Feb.  20. 

8.55  a.m. 

12.25  p.m. 

W. 
E. 

47  1 
491 

42-4 
42-6 

42-2 
42-2 

5 

^ 

s. 
s.s.w. 

Light 

1 

;; 

Smooth. 

8  h.  ebb. 
*h.fl. 

29-67 
29-60 

8 
2 

Station  ▼. 

Jan.  80. 
12.30  p.m. 
2.25  p.m. 

E. 
W. 

451 
45-6 

415 
480 

44  0 
42-8 

23 
29 

w. 
w. 

5 

Hazy. 

Moderate. 

3ib.  fl. 

30-60 
80-60 

^ 

Feb.  19. 

2  p.m. 

8.50  p.m. 

E. 
W. 

444 

44-0 

42-7 
42-7 

42-7 
42-8 

23 
81 

S.E. 
S.S.E. 

4 

M 

S.E.  8weU. 

JJ" 

29-64 
29  62 

6 
4* 

Station  YI. 

Jan.  80. 

8  p.m. 

8.50  p.m. 

W. 

E. 

45-6 
45-6 

42-9 
430 

431 
42-9 

12 
15 

W. 
W. 

5 

4 

Hazy. 

Moderate. 
SUght 

,rr 

30-60 
80-60 

8 

Feb.  19. 
4.20  p.m. 
5.5  p.m. 

E. 
W. 

44-6 
48-7 

42-5 
430 

42-7 
42-6 

13 
14* 

S.S.E. 
S.S.E. 

5 

;; 

S.E.  swell. 

r:- 

29-59 
29*58 

? 

Station 
VIL 

Jan.  80. 

9.30  a.m. 

11.10  a.m. 

E. 
W. 

431 
44-2 

418 
41-8 

43-8 
42-8 

18 
10 

W. 
W. 

5 
6 

Hazy. 

Moderate. 

Jl";."- 

30-61 
80-62 

? 
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TABLE  G. — Record  of  Observations  hade  on  Board  the 
'Garland*  during  1896. 


D.  PHYSICAL  OBSEEVATIONS— I.  Firth  of  Yo^in—ewiUinued, 


Temperature. 

StaUon, 

Date,  and 

Hour. 

1 

Wind. 

Weather. 

Sea. 

Tide. 

Baro- 
meter. 

1 

Air. 

Dry 
Bulb. 

Water. 

Sur- 
face. 

Bot- 
tom. 

Depth 

in 
fatha. 

Dlrcc- 
Uon. 

Force. 

1896. 

Feb.  19. 

10.50  a-m. 

12.40  p.m. 

E. 
W. 

40-6 
44-7 

42-8 
424 

42-8 
42-4 

??l 

S.S.E. 

s.s.w. 

Light 
8 

Hasy. 

S.E.  .well. 
Slight. 

b\  h.  ebb. 
Ih.  11. 

29-70 
29-68 

3 
2i 

Statioii 

vm. 

Jan.  29. 
12.25  p.m. 
2.20  p.m. 

s.w. 

N.E. 

46-5 
44-6 

41-4 
41-2 

43  1 
483 

I' 

w. 

W.by  N. 

8 
5 

Uazy. 

Slight 
Moderate. 

6h.  fl. 
lh.ebb. 

30-63 
80-61 

8 
8 

Feb.  18. 
2.10  p.m. 
4.10  p.m. 

N.E. 
S.W. 

40  1 
40-2 

42-6 
42-6 

43-0 
42-9 

n 

W.  by  S. 
Calm. 

1 

ti 

Slight. 
Smooth. 

3V- 

8016 
80-14 

6 

Station  DL 

Jan.  29. 
2.60  p.m. 
4.45  p.m. 

N.W. 

s.e. 

44-9 
440 

41-2 
421 

42-9 
48-1 

29 
81 

W...N. 

6 

Hazy. 

Moderate. 
Choppy. 

U  h.  ebb. 
81    ,. 

80-61 
80-60 

? 

Feb.  18. 
11.80  a.m. 
1-30  p.m. 

S.E. 
N.W. 

88-8 
89-2 

42-6 
42-6 

48-0 
48-1 

81* 
29 

W.  by  S. 
W.  by  S. 

1 

SUght. 

4-;.'- 

80-22 
3017 

7 

StatitnZ. 

Jan.  25. 

11a.m. 

11.40  a.m. 

W. 
E. 

42-2 
42-8 

410 
40-9 

42-0 
41-6 

7 
11 

1' 

1 

Hazy. 

Smooth. 

1  h.  ebb. 

29-84 
29*84 

It 

Feb.  12. 
1.8  p.m. 
1.46.p.m. 

1 

E. 
W. 

49-1 
48-3 

480 
44-6 

44-2 
481 

H 

W.N.W. 

w.n.w. 

6 
6 

Cloudy. 
DuU. 

s^r- 

4h.  fl. 
4i    n 

29-96 
39-96 

J 

II.  St  Anb 

RBW8 

Bay. 

StatUmL 

1 

1 

,  Jan.  14. 

noon. 

2.5  p.m. 

W. 
E. 

88-8 
89-0 

46-1 
46-0 

42-6 
43-5 

8 
14 

n.n.e. 

N.N.W. 

8 
2 

Cloudy. 

N.E.8weU. 

4h.fl 
near  n.  w. 

29-60 
29-11 

II 

Feb.  6. 
6.20  a.m. 
10-20  a.m. 

E. 
W. 

44-0 
44-6 

42-2 
42-0 

42-8 
48-1 

14 

9 

W.S.W. 
W. 

2 

1 

Hazy. 

SUght. 

1  h.  ebb. 
8      „ 

30-34 
80-84 

8 

8 

Station  n. 

Jan.  17. 
12.20  p.m. 

2.20  p.m. 

W. 
E. 

49-8 
49-6 

42-0 
41-2 

42-6 
42-6 

7 
18 

W. 

S.W.  by 

W. 

5 
6 

Cloudy. 

Moderate. 

2jh.  fl.. 

29-72 
29-76 

2 

1* 

Feb.  7. 
8.45  a.m. 
10.30  a.m. 

W. 
E. 

46-6 
47-6 

41-8 
41-6 

43-7 
42-6 

121 

W. 
W.S.W. 

2 
2 

Hazy. 
It 

Smooth. 
Slight. 

8014 
8014 

4 

H 

Station  III. 

Jan.  17. 
9-30  a.m. 

E. 

48-5 

41-6 

42-8 

m 

S.W.  by 

W. 
W.  by  S. 

5 

Cloudy. 

Moderate. 

6Jh.ebb. 

29-70 

9 

11.5   a.m. 

W. 

48-9 

42-0 

42-6 

10 

6 

n 

- 

}h.fl. 

29-71 

2 
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TABLK  C. — Bboord  of  OBaBsvATioNs  MAPS  ON  Board  the 
*Gaiilanp*  dubiij(3  1896. 


D.  PHYSICAL  OBSEaiVATIONS— n.  St  Andrews  BkY^tmiinued. 


Temperature. 

station, 

Date,  and 

Hour. 

1 

Wind. 

Weather. 

Sea. 

Tide. 

Baro- 
meter. 

>* 

Air. 

Water. 

Bulb. 

Sur- 
face. 

Bot- 
tom. 

Depth 

in 
faths. 

Direc- 
tion. 

Force. 

1896. 

Feb.  7. 

10.50  a,m. 

12-25  p.m. 

E. 

w. 

47-4 
491 

42-0 
41-6 

43-5 
431 

13 
9 

W.S.W. 
W. 

2 

4 

Slight  haze. 

SUght 

♦1 

80-12 
8010 

n 

SUtioaiy. 

Jan.  14. 
a55a.m. 
11.30  a.m. 

E. 
W. 

42-0 
42-4 

45  0 
45-0 

424 

42-6 

l\ 

N.E. 
N.N.E. 

4 
8 

Cloudy. 

N.E.  swell 

1   h.  fl. 
84      o 

29-66 
29-58 

I' 

Feb. «. 
2-5   p.m. 
4.40  p.m. 

W. 
E. 

46-8 
44-6 

420 
42-0 

42-8 
41-8 

7 
7 

W.S.W. 
W.S.W. 

2 

1 

Hazy. 

Slight. 

1     ». 

«1  » 

30-82 
80-28 

8 

2i 

Station  ▼. 

Jan.  14. 
2.25  p-m- 
4.25  p.m. 

S. 
N. 

38-3 
86-8 

450 
421 

42-8 
43-3 

1? 

N.N.W. 
N.N.W. 

2 

n 

Cloudy. 

N.I.Bwell. 

\  h.  tbb. 

29-61 
29-62 

Si 
2 

Fob.  C. 
11.80  a.ro. 
1.30  p.m. 

S. 

N. 

46-2 
44-9 

42-2 
42-0 

42-8 
42-2 

1? 

W. 
W.S.W. 

1 

2 

Hazy. 

Slight 

\u 

80-83 
80-82 

11 

Statioayi. 

Jan.  17. 

8.5  p.m. 

5  p.m. 

E. 
W. 

47-8 
47-6 

42-2 
42-2 

481 
488 

20 
25 

W. 

S.W.  by 

W. 

W. 

W.  by  S. 

5 
5 

Cloudy. 

Moderate. 
11 

4i  h.  fl. 
U  h.  ebb. 

29-77 
29-80 

8 

Fob.  i. 
2.45  p.m. 
4.40  p.m. 

W. 
E. 

46-4 
46-9 

421 
42-0 

43-8 
431 

23 
22 

8 
8 

Hazy. 

»i 

2i  h.  fl. 
4i     „ 

80-81 
80-32 

Jl 

II 

I.  MOR 

AY  Fl 

RTH. 

Station  L 

Aug.  22. 
3.30  p.m. 
5.30  pjn. 

W. 
E. 

58*10 
65-40 

56-4 
65-9 

65-3 
55-3 

9 

N.E. 
E.N.E. 

1 
1 

Cloudy. 

Smooth. 
Slight. 

U  h^ebb. 

2974 
29-78 

7 

7 

Oct.  16. 
11.30  a.m. 
1.30  p.m. 

W. 

E. 

48-56 
50-72 

48-6 
46-6 

51-0 
51-3 

1? 

W.N.W. 
W.N.W. 

2 
8 

Hazy. 

;; 

I  : 

80-40 
80-85 

Jl 

Nov.  27. 
11.45  a.m. 
1.60  p.m. 

E. 
W. 

42-8 
43-7 

46-4 
460 

47-0 
47  0 

9 

n 

3, 
Variable 

Light 

Hazy. 

Smooth. 

U  h.  fl. 

30-38 
80-87 

7 

Station  IL 

Aug.  21. 
12.3o  p.m. 
2.35  p.m. 

W. 
E. 

60-62 
68-64 

66  1 
56-0 

63-0 
62-8 

12 
16i 

N.W. 
N.W. 

4 

Cloudy. 

SUght. 

2  h.  ebb. 
4      .» 

80-0 

n 

Oct.  16. 

8.25  a.m. 

10.25  a.m. 

1 

42-44 

48y2 

48-0 
466 

52-0 
52-2 

13i 

W, 
W. 

2 

1 

Hazy. 

Nearh.  w. 
2  h.  ebb. 

80-40 

Nov.  23. 
12.10  p.m. 
2.5   p.m. 

w. 

E. 

50-7 
60-7 

48  0 
46-5 

46-8 
47-9 

12 
12 

W.S.W. 
W. 

5 
4 

Cloudy. 

Moderate. 

41  h.  fl. 
i  h.  ebb. 

80-26 
80-32 

«t 
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Part  III. — Fifteenth  Annual  Report 


TABLE  C. — Record  op  Observations  made  on  Board  the 
'Garland'  during  1896. 

D.  PHYSICAL  OBSERVATIONS—III.  Moray  Firth— con^inucrf. 


Temperature. 

station, 

Date,  and 

Hoar. 

«M 

Wind. 

Weather. 

Seiu 

Tide. 

Baro- 
meter. 

^ 

Air. 

Water. 

O 

1 

Dry 
Bulb. 

Sur. 
face. 

Bot- 
tom. 

Depth 

In 
faths. 

Direc- 
tion. 

Force. 

A 

Station  m. 
1896. 

Auif.  22. 
10.55  a.m. 

12  noon. 

E. 
W. 

64-58 
6206 

65-7 
56-0 

55-1 
55-5 

17 
5 

W. 
W.  byS. 

Cloudy. 

Slight. 

About  h.w. 
1    h.  ebb. 

30-0 
80-0 

ti 

Oct.  20. 
11.15  a,m. 
12.35  a.m. 

W. 
E. 

44-78 
45-68 

V,l 

49.1 
49-2 

,? 

N. 

N.E. 

»' 

Smooth. 
Slight 

h.  w. 

li  h.  ebb. 

29-49 
29-49 

11 

Nov.  24. 
10.!i6a.m. 
11.50  a.m. 

E. 
W, 

50-9 
51-4 

46-8 
46-2 

47-3 
47  1 

1? 

W.S.W. 
W.S.W. 

Clear. 

,, 

2J  h.  fl. 
81    „ 

30-45 

? 

Station  IV. 

Auff.  24. 
3.20  p.m. 
5.10  p.m. 

W. 
E. 

57-20 
58*46 

64-9 
55-0 

54-7 
54-0 

11 
13i 

W.N.W. 
W. 

5 

4 

aoudy. 

Moderate. 

2}  h.  ebb. 

29-62 
29-61 

6* 

Oct,  23. 
9.40  a.m. 
11.40  a.m. 

W. 

E. 

89-20 
43-52 

48-6 
48-6 

492 
49-4 

9 
14 

W. 

N.W.  by 

W. 

•> 

N.E  swell. 

T;!- 

29-87 
29-85 

5 

Nov.  25. 
2.5  p.m. 
4.5  p.m. 

W. 
E. 

46-7 
45-8 

46-8 
46-5 

47-9 
47-8 

11 
I3i 

W.byS. 
WAW. 

Hazy. 

Smooth. 

Abouth.w. 
1]  h.  ebb. 

80-48 

J* 

Station  V. 

Ang.  24. 
5.20  p.m. 
7.15  p.m. 

N.E. 
S.W. 

57-92 
54-86 

55-0 
54-9 

58-0 
54-4 

17 
10 

W. 
W. 

Cloudy. 

Moderate. 
Slight 

4J  h.  ebb. 
Lw. 

29-61 
29-60 

5 

Oct.  28. 
12  noon. 

S.W. 

44-60 

490 

49-2 

9 

N.W.  by 
W. 
S.W. 

„ 

K.E.  swell. 

5ih.  fl. 

29-84 

5 

1.80  p.m. 

N.E. 

4406 

48-9 

49-4 

14 

" 

" 

1  h.  ebb. 

29-82 

H 

Nov.  25. 
11.5   a.m. 
12.55  p.m. 

N.E. 
S.W. 

47-8 
47-8 

46-7 
46-6 

47-5 
46-9 

20i 
18 

W.S.W. 
S.W. 

Hazy. 

Smooth. 
•1 

2}  h.  fl. 
4f  h.  fl. 

80-50 

? 

Station  YL 

Aug.  25. 
6.35  a.m. 

8.15  p.m. 

W. 

E. 

51-80 
57 -6$ 

551 
54-5 

55-0 
58-3 

8 

1-H 

W.N.W. 
W.byN. 

Cloudy  with 

showers. 
Cloudy. 

Slight 

hi  h.  ebb. 
Uh.  fl. 

29-57 

5 
8 

Oct.  28. 
7.80  a.m. 
9.15  a.m. 

E. 
W. 

38-80 
39-92 

4S-0 
48-7 

49-5 

48-2 

'^ 

N.W. 
W. 

Cloudy. 

N.E.  swell. 

4: 

29-89 
29-88 

? 

Nov.  25. 
8.35  a.m. 
10.20  a.m. 

E. 
W. 

46-7 
47-1 

46-8 
46-5 

47-6 
47-6 

\^ 

S.W. 
W.S.W. 

Ha«y. 

Smooth. 

1  ;; 

30-49 
80-60 

4* 

Station 
VIL 

Aug.  25. 
9.15  a.m 
11.0  a.m. 

W. 
E. 

58-42 
55-58 

55-0 
54-9 

52-6 
52-4 

24 
81 

W.N.W 
W.N.W. 

Cloudy. 

Slight 

n  h.  fl. 

4      „ 

29-56 

8 

Oct.  28. 
3.10  p.m. 
5.10  p.m. 

W. 
E. 

4t06 
44-06 

49-9 
50-1 

.-,0-7 
50-4 

26 
82 

W.S.W. 
W.S.W. 

Overcast 

K.E.  swell. 

2f  h.  ebb. 
4|     n 

29-77 
29-78 

7 
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TABLE  C. — ^Record  op  Observations  made  on  Board  the 
'Garland'  during  1896. 

D.  PHYSICAL  OBSERVATIONS.— III.  Moray  ¥i^t\i— continued. 


Station, 

Date,  and 

Hour. 


Temperature. 


Air. 


Dry 
Balb. 


Water. 


Sur- 
face. 


Bot- 
tom. 


Depth 

In 
faths. 


Wind. 


Dlrec. 
tion. 


Force. 


WeathtM 


Sea. 


Tide. 


Baro- 
meter. 


S.S 


1896. 
Nov.  26. 
7.46  a.m. 
9.86  a.m. 

Station 

vnL 

Aug.  25. 
19.65  p.m. 
2.46  p.m. 

Oct.  24. 
6.6   a.m. 


7.66  a.m. 

Nov.  26. 
11.20  a.m. 
I.IO  p.m. 


Station  DC. 

Aug.  26. 
4.2U  p.m. 
6.6  p.m. 

Oct.  24. 
8.35  a.m. 
10.26  a.m. 

Nov.  26. 
2.86  p.m. 
4.26  p.m. 


StatkmX 

Aug.  26. 
11.10  a.m. 
1.10  p.m. 

Oct.  24. 
12.6  p.m. 
1.66  p.m. 

Nov.  27. 
8*10  a.ra. 
10.6  a.m. 

StitionXL 

Oct.  16. 
9.26  a.m. 
llU/a.m. 


N. 


464 
46-6 


46*9 
47-2 


66 '80    66-0 
67  02     660 


zn. 

Oct  15. 
6.46  a.m. 
8.46  p.m. 

SUtion 

xm. 

Oct.  14. 
11.80  a.m. 
1.80  p.m. 


S.E. 
N.W. 


S.E. 
N.W. 


44-24 


44-24 


46-6 
46-8 


65-22 
64-86 


42-80 
48-16 


45-6 
46  1 


65-40 
56-64 


41-90 
42-80 


S.E.  '  42-8 
N.W.    43-9 


600 
60-0 


48-92 
4964 


62-70 
62-62 


50-0 


47-0 
47-0 


64-9 
54-6 


50  8 
60-0 


470 
47-0 


66  1 
66-8 


49-8 
601 


47-0 
47  0 


51  1 
61  1 


51-0 
513 


518 
61.2 


47-7 
48  0 


52-8 
62-8 


51-8 


48-0 
47-9 


58-2 
68-1 


50*9 
60-6 


47-9 
47-9 


54-9 
621 


60-8 
60-6 


48-0 
47-9 


51-8 
61-8 


84 
80| 


88 


181 
81 


61-4   I    22} 
49-v»        81 


52-0 
61-8 


274 


W.S.W 
W.S.W. 


W.N.W. 
N.W. 


W.S.W. 


W. 


aw. 

S.W. 


N.W. 

w. 


w. 
w. 


S.w. 
S.W. 


N.E. 
N.E. 


W. 
W.S.W. 


S.E 
S.E. 


N. 
N.N.E. 


Calm. 
N.  W. 


S.E. 
S.E. 


1 

Light 


1 
Light 


Hoxy. 

Cloudy. 
Overcast 

Hazy. 

Cloudy. 
Cloudy. 
Hazy. 

Cloudy. 

Cloudy. 
»i 

Hazy. 
Hnzy. 

Hazy. 

Hazy. 


Smooth. 


i\  h.  ebb. 

ih.  a. 


Moderate.  Nearh.  w, 
„         j  If  h.  ebb, 


20-49      4 
7 


29-54 
29-56 


N.E.  swell. 
Choppy. 
Smooth. 

Moderate 
Choppy. 
Smooth. 

SUght 
Slight. 


Sllglit 
Sm(>oUi. 


&E.  swell 


S.E.  swell 


N.E.  sweU 


Ih.  fl. 

2   h.  fl. 
8|    „ 


3i  h.  ebb. 
5 


If  h.  fl. 


2981 


29-80 


80-48 


too 
dark 

to  8 


30-48      7^ 


29-68    12 


Jl 


1  h.  ebb. 


29  80 
20-27 


80-47 
80-46 


30-52 


8|  h.  fl. 

f  h.  ebb. 
1.  w.         30-39 


29-24 
29-26 


2^  h.  el 
4i      ,. 


ncarh.  w. 
2  h.  obb. 


U  h. 


80-46 
80-46 


30-48 
30-46 


80-62 


7* 


7* 
too 
dark. 


U 
13i 


n 


8| 

11 


7* 
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TABLE  C. — Record  of  Obsbevations  made  on  Board  the 
*  Garland  '  during  1896. 

D.  PHYSICAL  OBSERVATIONS— in.  Moray  YiJLTn—continued. 


Statton, 

Date,  and 

Hoar. 


Station 
XIV. 
1896. 

Oct.  14. 

4.10  p.m. 

6.10  p.m. 


StattoaXY. 

Oct.  16. 
1.10  p.m. 
8.16  p.m. 


XVI. 

Oct  14. 
7.85  a.m. 
9.80  a.m. 


N. 
S. 


Temperature 


Air. 


Dry 
Bolb. 


52-70 
51-62 


60-90 
57-26 


50-36 
48-20 


Water. 


Sur- 
face. 


510 
51-8 


51-5 
511 


51-3 
51-2 


Bot- 
tom. 


Station  L 

April  IS- 

10.45  a.m. 
12.16  a.m. 

S. 

N. 

Nov.  J. 
7.40  a.m. 
9.10  a.m. 

N. 
S. 

Station  n. 

April  18. 
7.20  a.m. 
8.45  a.m. 

Outer. 
Inner. 

Oct  2f. 
10.5  a.m. 
11.50  a.m. 

Outer. 
Inner. 

Station 

m. 

AprO  10. 
1.40  p.m. 
2.45  p.m. 

N. 

a 

Oct  29. 
7.40  a.m. 
9.5  a.  Di. 

N. 

Station  lY. 

April  10. 
11.46  a.m. 
12.80  p.m. 

N. 
8. 

Oct  29. 

lp.ln. 

1.40  p.m. 

S. 

N. 

4/ -8 
46-9 


44  0 
46-4 


41-9 
48-5 


481 
45-8 


47-8 
47-1 


40  2 
42-2 


46-7 
47-4 


44-6 
46-8 


61-6 
620 


61-7 
51-6 


62-0 
61-8 


Depth 

in 
fatha. 


46-0 
46-0 

46-3 
46-8 

491 
49-6 

49-8 
600 

44-4 
44-5: 

44-7 
44-6 

50-8 
50-9 

51-0 
611 

46-1 
48-5 

44-8 
44-8 

51-8 
81-2 

610 
51-5 

46-8 
4«»-9 

45-2 
45-0 

811 
61-0 

80-4 
51-4 

Wind. 


Direc- 
tion. 


8.E. 
S.S.E. 


N.N.E. 
N.N.W. 


N.E 
N.E. 


Force. 


Light 


Weather. 


Hazy. 


Hazy. 


Hazy, 
llaln. 


IV.    FiRTII   OF  ClTDB. 


224 
22} 

N.N.E. 
N.N  E. 

8 
3 

22 
21 

N.W. 
N. 

1 
2 

29 
24 

N.  by  E. 
N.  by  E. 

5 
2 

25 
15 

N.N.E. 
N.N.E. 

4 
8 

!?♦ 

W.S.W. 
W.S.W. 

6 
6 

l\ 

E. 
E.N.E. 

2 
2 

f^ 

W.S.W. 

:w.s.w. 

6 
6 

1? 

E.N.E. 
B.N.E. 

8 
8 

Overctst 
Cloudy. 


Cloudy. 


Cloudy. 


Cloudy. 


Sea. 


S  S.  swell. 


S.E.  swell. 


Tide. 


4i  h.  fl. 
h.  w. 


r  h.  fl. 


N.E.  swell,  l^h.obb. 
31      „ 


Baro- 
meter. 


80-58 
30-58 


80-44 
80-48 


80-62 
80*62 


11 

5£ 


8* 
too 
dark. 


im 


V 


Slight 


Smooth. 
SMght 


8)  h.  fl. 


b\  h.  ebb. 
Ih.  fl. 


Moderate    1  h.  fl. 
Slight        2J 


ih.  fl. 


Choppy. 


Smooth. 


Slight 


80-18      7 
80-13      9| 


29-97 
29-92 


8011       6 
8011       6 


29-74 
29-76 


2*h.ebb.   29-98 


\  h.  ebb. 
11      ., 


8i  h.  fl. 
5    „ 


29-69 
29-78 


29-97 
29-98 


19-76 
29-76 


5 


ISt 


6 
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TABLE  C. — Becord  op  Observations  made  on  Board  the 
*  Garland'  during  1896. 


D.  PHYSICAL  OBSERVATIONS— IV.  Firth  of  Clyde. 


1 

1 

Temperatore. 

. 

StaUon, 

Date,  and 

Hour. 

Air. 

Water. 

Wlna.. 

Weather. 

Sea. 

Tide. 

Baro- 

meter. 

1% 

Bulb. 

Sur. 
face. 

Bot- 
tom. 

Depth 

in 
faths. 

Direc- 
tion. 

Force. 

Station 
V. 

1896. 
April  10. 
6.86  a.m. 
7.46  a.m. 

N. 
S. 

47-8 
45-6 

44-8 
44-8 

44-8 
44  5 

16i 
18 

S.W. 
S.W. 

4 

6 

Cloudy. 
•» 

SUght 

lh.fl. 
24   » 

80-02 
8001 

3 

Oct.  80. 
7.20  a.m. 
8.20  a.m. 

N. 
S. 

44-0 

46-6 

60-2 
60-6 

51-0 
81-0 

17 

20 

N. 
N.N.E. 

4 

\\ 

»» 

2p.ebb. 

29-90 
29-92 

6 

Station 
VI. 

» 

April  18. 
1.46  p.m. 
8.60  p.m. 

N. 
W. 

46-9 
47  1 

453 
45-2 

45-2 
45-2 

26 

20 

N.N.E. 

N.W.by 

W. 

W.N.W. 
N.W. 

2 
2 

Cloudy. 

Slight 

\  h.  ebb. 

30-14 
8013 

10 

Oct.  28. 
2.60  p.m. 
4.60  p.m. 

W. 
N. 

440 
42-9 

541 

60-2 

52-8 
51-6 

24 
27 

2 
2 

;; 

It 

h.  w. 
2  h.  ebb. 

29-60 
29-58 

? 

Station 
VII. 

April  16. 
1.80  p.m. 
8.20  p.m. 

8.W. 
N.E. 

47-4 

48-9 

45-6 
46-2 

45-2 
461 

16 
14 

S.S.W. 
S.W. 

Cloudy. 
Overcast. 

SUght 

h.w. 
1}  h.  ebb. 

8018 
3018 

^?i 

April  20. 

(Night 

haul). 

9.16  p.m. 

11.16  p.m. 

n.e. 

S.W. 

51-6 
48-2 

480 
46-6 

45-7 
45-6 

28 
22 

S.W. 
S.W. 

Uazy. 

n 

ti 

80-89 
30-89 

Oct  81. 
2.10  p.m. 
8.40  p.m. 

s.w.; 
n.e. 

48-8 
47-6 

510 
50*6 

51-9 
61-2 

20 
27 

N.E. 

Slight  haze 
Cloudy. 

Choppy. 

T\!- 

29-88 
29-88 

7 

6 

Nov.  8. 
(Night 
baol). 
7.40  p.m. 
9.16  p.m. 

S.W. 
N.E. 

89-2 
417 

50-0 
50-8 

51-2 
610 

^* 

E.S.E. 
S.S.E. 

Haiy. 

SUght. 
II 

n.:- 

3009 
8013 

•• 

Station 
VIII. 

April  16. 
9.85  a.m. 
11.35  a.m. 

w. 

£. 

45-5 
48-0 

45-5 
45-5 

46-7 
45-6 

86 
29 

W.S.W. 
S.S.W. 

Cloudy. 

Slight 

It  :: 

80-15 
30-20 

8 

AprU  21. 

(Klght 

haul). 

12.15  a.m. 

2.20  a.ro. 

W. 
E. 

48-6 
49-8 

47-2 
47  6 

45-7 
45-8 

82 

S.S.E. 
S.  by  W. 

Hazy. 

;; 

30-89 
80-89 

.. 

Oct  81. 
lO-TO  a.m. 
12.10  p.m. 

E. 
W. 

45-5 
47-3 

50-2 
601 

51-6 
41-0 

29 
34 

N.E. 

Cloudy. 

Choppy. 

A\  h.  ebb. 
near  1,  w. 

99-84 
99-86 

10 
9 

Nov.  8. 
(Night 
haul). 

10.15  p.«i. 

Midn%ht 

E. 
W. 

416 

41-9 

60^ 
51-0 

61-0 
61-2 

u» 

S.S.E. 

aw. 

Light 

Hazy. 

SUght 

1  h.  ebk 

8018 
8016 

~ 
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TABLE  C. — Rkoord  op  Observations  made  on  Board  the 
'Garland'  during  1896. 


D.  PHYSICAL  OBSERVATIONS— IV.  Firth  of  Clydb— «>7Ui«i<^. 


StaUon, 

Dat«,  and 

Bout. 

1 

1 

Temperature. 

d. 

Tide. 

Baro- 
meter. 

^u« 

Air. 

Water. 

Win 

Weather. 

Sea. 

Diy 
Bulb. 

Sur. 
face. 

Bot- 
om. 



fath8.|    **<>°- 

Force. 

Statioa 
IX. 

1896. 
April  14. 
1.20  p.m. 
8.30  p.m. 

N.E. 
S.W. 

42 -J 
44-2 

45  0 
45-2 

45-8 
4.5-6 

27*'      E. 
27     N.E.  by 

8 
2 

Thick  haxe. 
Hazy. 

Slight 

i  h.  ebb. 
24      .. 

29  98 
80  02 

10 
9f 

Oct.  81. 
7.5  a.m, 
8.50  a.m. 

N.E. 
S.W. 

41-9 
48-8 

61-0 
501 

517 
510 

28 
29 

N. 

6 

Cloudy. 

Choppy. 

2I: 

29-82 
29-84 

6 
9 

Station 
X. 

* 

April  14. 
9.20  a.m. 
11.30  a.m. 

W. 
E. 

41-7 
41-9 

451 
45-0 

45-5 
46-5 

26 
27 

E.S.E. 
£. 

4 
4 

Fog. 
Hazy. 

Moderate. 

n  1.  fl. 

4     n 

29-97 
29-98 

81 

Oct.  28. 
11.85  a.m. 
1.35  p.m. 

W. 
E. 

43'8 
44-0 

501 
50-4 

62-8 
52-4 

27* 
27| 

W.N.W. 
N.W. 

3 
3 

Overcast, 
Cloudy. 

Slight. 
»» 

?i:: 

29-67 
29-65 

7 

8 

Station 
XI. 

April  16. 
9.80  a.m. 

W. 

48-9 

45-8 

45-1 

34i 

S.W.  by 
S. 

6    1  Showery. 

1 

Choppy. 

U   1, 

29-78 

124 

10.85  a.m. 

£. 

48-7 

45-7 

45-0 

81 

Heavy  rain. 

»> 

2|     „ 

29-78 

10* 

Oct  80. 
1.80  p.m. 
8.20  p.m. 

w. 

£. 

46-7 
45-5 

51  0 

49-8 

51-2 
51-5 

84 
12* 

N.E. 

4 

•• 

Slight  haze. 
Cloudy. 

Moderate. 
»» 

4 :; 

29-92 
29-89 

7 
6* 

Station 
XII. 

1 

April  16. 
11.80  a.m. 
1.25  p.m. 

E. 
W. 

4fi-7      45-7 
.'iO-O      45-4 

4.5  0 
450 

88 
89 

W. 

•1 

5 

Heavy  rain. 
Cloutly. 

Choppy. 

81h.  fl. 

29-77 
29-80 

11* 

April  21. 

(Night 

haul). 

9.15  p.m. 

11.20  p.m. 

W. 

49-8      48-8 
47  8      47-0 

460 
45-0 

89 

4IJ 

Cnlm. 

n 

Hazy. 
»» 

Smooth. 

" 

80-84 
30-35 

•• 

Oct.  80. 
9.55  a.m. 
11.55  a.m. 

W, 
£. 

46-0      51.0 
45-8   .  610 

1 

52-9 
51-3 

4.5 

36J 

N.E. 

5 

4 

Cloudy. 
Slight  haze. 

Slight 

4f  h.  ebb. 
|h.  fl. 

29-92 
29-93 

7 
7i 

Nov.  4. 

(Night 

haul). 

8.85  p.m. 

10.40  p.m. 

W. 
E. 

4.51 
440 

50-0 
50-2 

61-2 
61-3 

48 
47 

S.W. 
W.S.W. 

2 

Hazy. 
Overcast. 

•» 

»     II 

6     II 

30  85 
80-84 

•• 

Smilw 
8.E.  of 

Sanda 
Island. 

April  30. 
8.20  a.m. 

W. 

30-9 

46-9 

4«-0 

80 

Calm. 

Haxy. 

Smooth. 

.. 

30-89 

13 

Nov.  8. 
8v45a.m. 

W. 

41-0 

62-2 

52-8 

40i 

N.N.E. 

3      Cloudy. 

Slight 

fiih.fl. 

80-0 

H 
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"S 

Temperature. 

§  ^ 

SUtton, 

Date,  and 

Hour. 

Air. 

Water. 

Wind. 

Weather. 

Sea. 

Tide. 

Baro- 
meter. 

Bu^. 

Sur- 
face. 

Bot- 
tom. 

Depth 

in 
faths. 

Dlroc- 
Uon. 

Force. 

1896. 

10  miles 
S.E.of 
Sanda 

Island. 

April  90. 
11.80  a.m. 

E. 

58-6 

46-8 

46-9 

80 

Calm. 

.. 

Haxy. 

Smooth. 

H 

8040 

13i 

Nov.  8. 
10.fi0a.m. 

Smiles 

N.W.  of 

Bennan 

Head. 

W. 

4«0 

620 

68-8 

88 

N.W. 

1 

Cloudy. 
Pine. 

Smooth. 

li  .h.  ebb. 

80-03 

4* 

Apr.  20. 
8  p.m. 

E. 

583 

47  9 

46-8 

94 

aw. 

1 

Hazy. 

SUght, 

.. 

80*89 

10* 

Nov.  8. 
1.10  p.m. 

£. 

48-7 

60-6 

618 

2G 

N.E. 

1 

Slight  haze. 

Slight 

^  h.  ebb. 

80«08 

7 

nmUee 
S.E.  by  . 
ofPladda 
Ugbthotue. 

ApxUSS. 
9.40  a.m. 

N.W. 

W9 

46-6 

46-8 

66 

W.N.W. 

8 

Slight  haze. 

Slight 

^ 

80-88 

19 

NOT.«. 

8.86  a.m. 

N.W. 

481 

60-0 

49-8 

60 

w. 

8 

Cloudy. 

SUght. 

8fh,fl. 

80^ 

H 

•  mUet 
S.E.b78. 
OfPladda. 

April  S8. 
Ua.m. 

N.W. 

51-8 

47-8 

460 

81 

W.N.W. 

3 

SUghthaze. 

SUght 

.. 

80-88 

IH 

Not.  «. 
9.40  a.m. 

N.W. 

44-9 

600 

61-0 

881 

w. 

8 

Cloudy. 

SUght 

4fh.iL 

80-47 

8 

8m*lei 
N.W.  by 

N.of 
Turnberry 

Point 

Aprnss. 
12.Wp.m. 

a£. 

56-9 

47-8 

45-8 

38 

W.N.W. 

3 

Cloudy. 

Smooth. 

.. 

8081 

IS 

NOT.ff. 

lL15a.m. 

aE. 

46*9 

49*8 

60-8 

36| 

w. 

8 

Hazy. 

SUght 

b.w. 

80^ 

1 

TmfleaW. 

Corsewall 
Point 

April  91. 
9.45  a.m. 

S.B. 

60-0 

460 

460 

70 

s. 

2 

Hazy. 

SUght 

.. 

80-89 

9 

Not.  11. 
8.8»a.m. 

aE. 

46-8 

620 

62-6 

71 

aw. 

1 

SUghthaze. 

SUght 

41b.iL 

80-32 

8 

7|mnee 

Sanda 
Island. 

April  31. 
11.46  a.m. 

SE. 

666 

46-7 

46-3 

64 

Varioble 

Ught 

^Hazy. 

Smooth. 

- 

80-89 

11 

Not.  11. 
11a.m. 

aE. 

46  9 

631 

638 

«^ 

W. 

1 

SUghthaze. 

SUght. 

|h.ebb. 

80-34 

4 
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D.  PHYSICAL  OBSERVATION&-V.  Uppeb  Looh  rwE. 

, 

Tempcratore. 

Statton, 

Date,  and 

Hoar. 

1 

Air. 

Water. 

Wtad. 

Weather. 

Sea. 

Tide. 

Baro- 
meter. 

l| 

Dry 
Bulb. 

Sot- 
face. 

Bot- 
tom. 

Depth 

In 
faths. 

Direc- 
tion. 

Force. 

Station 
1896. 

Donderave 
to  Lowborn. 

Mayfi. 
4.1»  p.m. 
5.80  p.m. 

s. 

N. 

56-8 
664 

61-7 
634 

461 
45  0 

29 
18i 

W. 
W. 

1 
Light 

^Haxy. 

Smooth. 

- 

80-29 
80-28 

I' 

Station 

Dnndenvc 
to  Lowborn. 

Nov.  U. 
8.40  a.m. 
10.60  a.m. 

N. 

48-3 
48-9 

48-9 
490 

500 
48-9 

14 

88 

Calm. 
W.S.W. 

Light 

11 

" 

2|  h.  ebb. 

29-96 
29*94 

31 

H 

Station 

Fenmore  to 
off  Inver- 

aray. 

Nov.  11 
1-40  p.m. 
S.50  p.m. 

S. 
N. 

491 
48-2 

60-0 
49*6 

47-2 
60-6 

68 
66 

W.S.W. 
S. 

(1 

1 

»i 

1* 

lih.fl. 

29-90 
29-87 

7 
81 

Statim 

Off  Loch 
Oalrto 
Mlnard. 

Nov.  18. 
1.60  p.m. 
8.16  p.nL 

S. 
N 

49-6 
48-6 

49-8 
50-7 

60-6 
50-6 

85 
27J 

.w. 

W. 

6 
4 

Rnbi. 
Hazy. 

Slight 
11 

l\  :: 

29*62 

n 

Statton 

Off  Inverse 

to  off 
Fomooe. 

Nov.  18. 

8.40  p.m. 

6  p.m. 

a. 

N. 

480 
4T-6 

600 
60-0 

610 
60-4 

21 
85i 

W. 
W. 

4 
8 

»' 

!! 

?.:' 

29-62 
29-66 

7 

too 
dark 

Station 

OffLodi 

Gairta 

Lorgymore. 

Nov.  14. 
8.16  a.m. 
9.36  a.m. 

N. 
S. 

46-9 
47-6 

49-7 
60-0 

50-4 
60'8 

82 
86 

s.s,w. 

S.S.W. 

6 
6 

Cloudy. 
Heavy  rain. 

Choppy. 

1(  h.  ebb. 

29-48 
29-40 

? 
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Introductoey. 

In  the  following  catalogue  an  endeavour  has  been  made  to  include,  as 
far  as  possible,  the  various  species  of  marine  fishes  and  invertebrates  that 
are  known  to  have  been  obtained  in  Loch  Fyne.  But  though  the  records 
brought  together  here — the  most  of  which  are  believed  to  be  authentic, — 
comprise  a  large  number  of  fishes,  and  include  representatives  of  almost 
every  group  of  the  marine  invertebrates,  the  catalogue  can  only  be  con- 
sidered as  preliminary  to  further  research.  The  investigation  of  the 
lower  forms  of  life  existing  in  Loch  Fyne  has  already  been  in  some 
respects  very  successful,  and  has  yielded  interesting  results ;  stiU,  there  are 
several  groups  of  the  Invertebrata,  such  as  the  Tunicata,  Uie  Polyzoa,  the 
smaller  Crustacea,  the  Annelida,  the  Coelenterata,  and  the  Porifera,  that 
have  only  been  very  partially  studied,  and  it  may  reasonably  be  expected 
that  numbers  of  species  belonging  to  these  various  groups  will  yet  bo 
discovered  in  Loch  Fyne. 

In  this  catalogue  the  total  number  of  species  enrolled  is  837,  which 
includes  several  not  before  recorded  from  the  Clyde,  and  also  one  Copepod 
new  to  Britain,  and  one  new  to  science. 

An  appendix  at  the  end  of  the  catalogue  of  the  Loch  Fyne  fauna  contains 
records  aud  descriptions  of  several  new  and  rare  species  that  have  been 
observed  during  the  past  year  in  the  seaward  part  of  the  Clyde  area^  and 
which,  therefore,  could  not  find  a  place  in  the  catalogue. 

These  records  include  three  apparently  undescribed  species  of  Cop  epoda 
two  Amphipods,  and  a  parasitic  Isopod,  new  to  Britain ;  and  a  few  others 
that  are  either  new  records  for  the  Clyde,  or  that  refer  to  species  that 
are  comparatively  rare. 

As  Calamcs  finmarchicus  is  a  very  important  constituent  of  the  food  of 
fishes,  attention  is  also  directed  in  the  appendix  to  three  different  kinds 
of  parasites  that  have  been  found  more  or  less  infesting  the  GaUmi  in  the 
Firth  of  Clyde. 
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The  following  is  a  tabular  view  of  the  principal  groups  represented  in 
the  catalogue,  their  principal  sub-divisions,  and  the  number  of  species 
belonging  to  each  : — 


Names  of 

Number  of 

Number  of 

the  Principal 

Names  of  the 

Principal 
Sub-divisions. 

Species 

Spocios 

Groups 

represented 

in  the 

belonging  to 

each  of  the 

Principal 

belonging  to 
each  of  the 
Princii>al 

Remarks. 

Catalogue. 

Sub-divisions 

Groui*. 

Teleostei 

56 

Fishes 

Ganoidoi 
£lasmobranchii  . 

1 
5 

62 

Tunicata     . 

Larvaoea 
Ascidiacca    . 

1 

8 

0 

r 

Cephalopoda 
Pteropoaa 
Opisthobranchiata 
Nudibranchiata  . 

5 

1 
20 
1« 

^ 

Mollusoa      .  A 

Pulmonata  . 

2 

221 

Prosobranchiata . 

84* 

*  One  is  doubtful. 

Polyplacophora  . 
Scaphopoda 

5 
2 

. 

Pelecypoda  . 

84 

J 

Branchiopoda 

. 

2 

Brachyura  . 

27 

> 

Macrura 

18 

Schizopoda  . 

18 

Cumacea 

15 

Isopoda 

18 

Crustacea     . 

Amphipoda . 
Phyllocarida 

76t 

1 

.     349 

+  Two  arc  doubtful. 

Cladoccra 

3: 

X  One  is  doubtful. 

Ostracoda    . 

67 

Copepoda 

99§ 

§  Includes  a  new 

^ 

Cirripedia    .       . 
Cheilostomata     . 

7 

) 

genus  and  two  new 

15 

species. 

Polyzoa 

Cyclostomata 
Ctenostomata 

5 
2 

-       22 

' 

Chffitopoda  . 
Gephyrea     . 

4711 
2 

^ 

II  One  is  doubtful. 

Vermes       .  • 

Chffitognatha 
Nemertea 

1 
1 

52 

^ 

Turbellaria  . 

1 

' 

Crinoidea     . 

1 

Asteroidea   . 

9ir 

f  One  is  doubtful. 

Echinodcrma  ■ 

Ophiuroidoa 

11'* 

32 

*♦  Two  are  doubt- 

Eohinoidea  . 

5 

ful. 

Holothurioidea  . 

6 

Actinozoa   . 

Alcyonaria  . 
Actiniaria    . 

3 
9 

t     n 

• 

Hydrozoa    . 

Hydroida     .       . 

14 

14 

Spongozoa  . 

. 

7 

MiHolidce     .       . 
Astrorhizidos 
Lituolidffi     .       . 

14 

1 
5 

Foraminifera  • 

Textulariid© 
Lagenidffi 
Globigerinidos 
Rotuliidse    . 

3 
18 

1 
8 

65 

. 

Nummulinidoe 

5 

) 

Total  number  of  Spocios 

837 

I  desire  to  explain,  though  it  may  hardly  be  necessary  to  do  so,  that 
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the  iuformaiioQ  contained  in  this  catalogue  is  partly  at  least  a  compila- 
tion from  the  recorded  results  of  past  investigations,  and  has  only  to  a 
limited  extent  been  obtained  as  the  result  of  independent  study.  The 
following  are  the  principal  sources  from  whence  the  information  contained 
in  the  catalogue  has  been  derived  : — 

(1)  An  extensive  and  valuable  series  of  MS.  records  from  the  steam  yacht 

*  Medusa,'  which  Dr  John  Murray  has  kindly  placed  at  my  disposal.* 

(2)  The  Decapod  and  Schizopod  Crustacea  of  tlie  Clyde^  by  Dr  (nnw 

Professor)  J.  R.  Henderson, 

(3)  A  Contribution  towards  a  CaJtcdogue  of  the  Amphipoda  and  Isopoda 

of  the  Clyde  (in  two  parts),  by  the  late  Dr  Robertson  of  Mill- 
port. 

(4)  •  A  List  of  the  Marine  Fauna  collected  at  the  Tarbert  (Loch  Fyne) 

Laboratory  during  1885,'  by  Qeorge  Brook  and  Thomas  Scott 
(published  as  an  Appendix  in  the  Fourth  AnnticU  Report  of  the 
Fishery  Board  for  Scotland). 
(f))  The  Mollmca  of  the  Firth  of  Clyde,  by  Alfred  Brown. 

(6)  'Notes  on  the  Copepods  of  Loch  Fyne,'  by  W.  L.   Caldorwood 

(published  as  an  Appendix  in  the  Fourth  Annnal  Report  of  the 
Fishery  Board  for  Scotland), 

(7)  The  scientific  researches  in  Loch  Fyne  during  the  past  year  of  the 

Fishery  steamer  *  Garland.'     These  researches  have  yielded  a  con- 
siderable number  of  new  records. 

The  following  abbreviations  are  used  in  the  catalogue : — 

(M.)  Refers  to  the  MS.  Records  of  the  steam  yacht  'Medusa,'  as 

the  source  of  information. 
(H.)  Dr  Henderson's  Higher  Crustacea  of  the  Clyde, 

(R.)  Dr  Robertson's  Amphipoda  and  Isopoda  of  the  Clyde, 

( B.  &  S.)  The  List  of  Tarbert  Fauna  for  1885. 
(G.)  Records  obtained  by  means  of  the  Investigations  of  the  *  Garland.' 

Other  sources  of  information  are,  wherever  necessary,  duly  acknow- 
ledged. 

I  have  to  acknowledge  my  indebtedness  to  Captain  Campbell  of  the 
*  Garland '  for  his  unwearied  interest  in  the  work,  and  for  his  efforts  to 
render  it  successful.  I  have  also,  as  in  former  years,  been  greatly 
indebted  to  the  Rev.  T.  R.  R.  Stebbing,  F.R.S.,  for  the  kindly  manner 
in  which  he  has  from  time  to  time  endeavoured  to  assist  me  with  the 
identification  of  Crustacean  species.  Professor  G.  S.  Brady,  F.R.S., 
has  also  kindly  assisted  me  on  various  occasiona  My  son,  Mr  Andrew 
Scott,  has  prepared  the  series  of  interesting  drawings  which  illustrate  this 
paper. 

FISHES  OF  LOCH  FYNR 

Note, — In  this  catalogue  the  names  and  arrangement  in  Dr  Day's  work 
on  the  British  Fishes  are  followed. 

Tblbostei. 
CoUvA  soorpiuSy  Bloch. — Common  in  Loch  Fyne  and  generally  distri- 
buted ;  the  large  and  richly  coloured  variety,  Gramlandicus,  is  also  more 

*  A  very  large  number  of  the  specimens  referred  to  in  these  lists  wore  collected  by 
Oaptain  Alexander  Tarbj^ne  and  Mr  Fred.  G.  Pearcey  in  Dr  Murray's  steam  yacht 
'Medusa/  and  the  species  were  determined  by  Dr  A.  Giinthor,  F.R.S.  (Fishes); 
Professor  F.  Jeffrey  Boll,  F.R.S.  (Echinodermata) ;  Professor  A.  C.  Haddon,  F.R.S. 
(Actiniaria) ;  Professor  Arthur  Dendy,  F.L.S.  (Sponges) ;  E.  A.  Smith,  Esq..  F.L.S. 
(Mollusca  and  Tunicata) ;  Miss  ¥.  Buchanan  (Worms) ;  R.  I.  Pocock,  Esq. 
(Crustacea) ;  and  R.  Kirkpatrick,  Esq.  (Hydrozoa  and  Polyzoa). 
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or  less  frequent  (B.  &  S.). — Upper  Loch  Fyne  at  Minard,  and  on  east 
side  in  10  to  20  fathoms  (M.). 

Gottvs  bubaliSy  Euph.— Moderately  common  in  Loch  Fyne  (B.  &  S.). 

Trigla  Gumardm^  Linnd — Upper  Loch  Fyne  (M.).  In  trawl-net  near 
the  head  of  the  loch,  and  in  the  vicinity  of  Furnace  and  Minard  (G.). 

Trigla  lineata,  Qmelin. — East  Loch  Tarbert,  Loch  Fyne,  not  common 
(B.  <fe  S.). 

Agonies  cataphractvs,  Linn6. — East  Loch  Tarbert,  occasionally  (B.  &  S.). 
Off  Castle  Lachlan,  rare  (G.).     Ardrishaig  (Dr  Scouler). 

Scomber  scomber^  Linn^. — Abundant  during  the  summer,  particularly 
along  the  west  shore  of  Loch  Fyne  (B.  &  S.). 

Zeus  faher^  Linn6. — Usually  enters  East  Loch  Tarbert  in  September 
to  feed  on  herring  offal  (B.  &  S.). 

Oohius  RtUJimsparri,  Euph. — Common  amongst  Zostera  in  East  Loch 
Tarbert  (B.  &  S.).  Upper  Loch  Fyne  (M.).  Off  Ardno,  Upper  Loch 
Fyne  (G.).     Loch  Fyne  (Dr  Scouler). 

Qobiua  minutus,  Gmelin. — Frequent  in  East  Loch  Tarbert  (B.  &  S.). 
Upper  Loch  Fyne  at  Minard,  west  and  east  sides,  and  centre  in  10  to  70 
fathoms  (M.).  Loch  Gair,  off  Ardno,  Kinglass  Spit,  and  near  the  head 
of  the  loch  (G.). 

Gohius  nigeTy  Linnd.  Upper  Loch  Fyne  (M.).  Taken  by  the  fishery 
steamer  *  Garland'  in  various  parts  of,  and  at  various  depths  in.  Upper 
Loch  Fyne. 

Qobiua,  sp. — West  side  of  Upper  Loch  Fyne  in  10  to  15  fathoms  (M.). 

Galionymus  lyra,  Linn6. — East  Loch  Tarbert,  frequent  but  small 
(B.  &  S.).  Upper  Loch  Fyne,  east  side,  in  15  fathoms  (M.).  Loch  Gair, 
Tarbert  Bank,  and  other  places  (G.). 

Cydqpterus  lumpus,  Linn^. — Adult  specimens  are  not  common,  but  the 
young  are  moderately  frequent  (B.  <k  S.).  Upper  Loch  Fyno,  in  the 
centre  near  the  head  (M.).     Otter  Spit,  one  45  mm.  in  length  (G.). 

Liparis  vulgaris,  Linn6. — Taken  between  tide  marks  in  East  Loch 
Tarbert  (B.  &  S.).     Upper  Loch  Fyne,  on  the  shore  (M.). 

Liparis  Montagui,  Donovan. — Takjen  in  East  Loch  Tarbert  between 
tide  marks  (B.  &  S.)  (?).     Upper  Loch  Fyne,  west  side  and  shore  (M.). 

Carelqphtis  Ascanii,  Walh. — One  specimen  taken  amongst  boulders  at 
low  water  in  East  Loch  Tarbert  (B.  &  S.). 

Lumpenus  lampretcBformis  (Walbaum). — Four  specimens  taken  with 
shrimp-trawl  between  Dunderave  and  Carndow  (G.,  April  1896). 

GerUronoius  gurmellus,  Linn^. — Plentiful  between  tide-marks  East  Loch 
Tarbert  (B.  &  S.).  Upper  Loch  Fyne  on  the  shore  (M.).  In  Inveraray 
Bay  (G.). 

AtJterina  presbyter  (Jenyns). — Frequent  amongst  Zostera  in  East  Loch 
Tarbert  in  the  spring  of  1885,  but  not  met  with  later  (B.  &  S.). 
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Gasteroeteus  spinachia,  Linn6. — Frequent  in  the  in-shore  water  amongst 
8oa-weed  and  zostera;  East  Loch  Tarbert  and  other  places  (B.  &  S.). 
Upper  Loch  Fyne,  not  uncommon  among  the  contents  of  the  shrimp- 
trawl  (G.). 

Ldbrus  mactUatus,  Blainville. — Frequent  in  Loch  Fyne  in  the  autumn 
(B.  &  S.). 

Labrua  mixtus,  Frees  and  Eks. — Occasionally  in  Loch  Fyne,  at  the 
mouth  of  East  Loch  Tarbert  (B.  &  S.). 

Ctenolabrus  rupestris,  Linnet. — Common,  especially  near  Skate  Island, 
Loch  Fyne  (B.  &  S.). 

Centrolahrvs  ezoletics,  Linn6. — Taken  occasionally  in  Loch  Fyne 
(B.  &  8.). 

Gadm  morhua,  Linn6.— Not  very  abundant  in  Loch  Fyne  (B.  &  S.). 
Upper  Loch  Fyne,  east  side,  in  10  to  20  fathoms  (M.).  In  Loch  Gair, 
off  Ardno,  Kinglass  Spit,  and  off  Carndow  (G.). 

Gadu8  ceglefinus,  Linn6. — Not  abundant  in  Loch  Fyne  (B.  &  S.). 
Upper  Loch  Fyne,  in  the  centre,  in  65  to  70  fathoms  (M.).  Between 
Penmore  and  Inveraray  (G.). 

Gadus  ImcwSy  Linn(5. — Occasionally  in  Tarbert  Harbour  (B.  &  S.). 
Tarbert  Bank,  Lower  Loch  Fyne ;  and  between  Dunderave  and  Carndow, 
Upper  Loch  Fyne  (G.). 

Gadvs  minutm^  Linn^. — Frequent  in  Tarbert  Harbour  (B.  &  S.). 
Upper  Loch  Fyne,  in  the  centre,  near  the  head  (M.).  Off  Lowburn, 
Upper  Loch  Fyne  (G.).     Tarbert,  Loch  Fyne  (Dr  S(K)uler). 

Gadus  merlangiLSy  Linnd — Not  abundant  in  Loch  Fyne  (B.  &  S.). 
Upper  Loch  Fyne,  in  the  centre  (M.).  Two  nearly  ripe  males  were  taken 
in  the  trawl  net  in  May  1896  (G.). 

Gadm  virern,  hmnk — Abundant,  but  mostly  immature  ;  those  imma- 
ture forms — termed  *podlies' — frequent  the  shallow  in-shore  water, 
especially  in  the  neighbourhood  of  wharfs  or  piers. 

Gadus  pollachius^  Linn6. — This  species  is  also  of  more  or  less  frequent 
occurrence,  but  is  usually  of  small  size ;  large  specimens  are,  however, 
occasionally  brought  to  East  Tarbert. 

Molva  vuhjarisy  Fleming. — Frequently  brought  into  Tarbert  by  the 
fishermen  (B.  <fe  S.).  A  ripe  male,  38  inches  in  length,  was  taken  by 
trawl-net  near  the  bead  of  Loch  Fyne  in  May  1896  (G.). 

Merluccivs  tmhjaris,  Cuvier. — Upper  Loch  Fyne,  in  the  centre,  in  34 
to  36  fathoms  (M.).  In  the  vicinity  of  Furnace,  and  between  Dunderave 
and  Carndow,  taken  with  the  beam-trawl  (G.). 

Motdla  mustday  Linn6. — Taken  between  tide-marks  in  East  Loch 
Tarbert,  not  common  (B.  k  S.). 

Ranieeps  trifurcatus,  Yarrell. — Loch  Fyne  (Dr  Scouler,  in  Trans,  of 
Nat  Hist  Sac.  of  Glasgow,  vol.  i.,  p.  8). 
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Ammoilytes  lanceolafuSy  Lesauvago. — Occasionally  in  the  neighbourhood 
of  East  Loch  Tarbert  (B.  &  S.). 

Hippoglo88U8  wlgaris  (Fleming). — Occasionally  taken  in  Loch  Fyne 
(B.  &  S.). 

Hippoglossoides  Ihnandoides  (Bloch). — Upper  Loch  Fyne,  east  side 
and  centre,  in  10  to  70  fathoms  (M.).  Tarbert  Bank,  Lower  Loch  Fyne; 
oif  Miuard ;  off  Castlo  Lachlan ;  Inveraray  Bay ;  and  between  Dunderave 
and  Lowbum,  Upper  Loch  Fyne  (G.).  A  common  and  widely-distributed 
species. 

Rhombus  maximus  (Linn6). — Occasionally  taken  in  Loch  Fyne 
(B.  &  S.). 

Zeugopterus  unimaculatua  (Risso). — A  few  specimens  of  this  interest- 
ing species  were  taken  near  Barmore  (B.  &  S.). 

Zeugopterus  punctatus  (Bloch). — Upper  Loch  Fyne,  west  side,  in  10  to 
25  fathoms  (M.). 

Pleuronedes  plcUessa  (Linn^). — More  or  less  common  in  Loch  Fyne 
where  the  conditions  are  suitable.  Upper  Loch  Fyne,  on  west  and  east 
sides  and  centre,  in  10  to  36  fathoms  (M.).  A  number  of  large  plaice, 
measuring  from  14  to  18  inches  in  length,  and  most  of  which  were  either 
spawning  or  spent,  were  captured  in  the  trawl-net  near  the  head  of  Loch 
Fyne  in  May  1896  (0.). 

Pleuronedes  microcephdlus,  Donovan. — Frequent  in  suitable  localities 
(B.  &  S.).  On  May  6,  1896,  a  scarcely  ripe  female,  13  inches  in  length, 
was  taken  near  the  head  of  the  loch ;  two  nearly  ripe  specimens— one  a 
male  13  inches  in  length,  the  other  a  female  17  inches  in  length — were 
captured  at  Kinglass  Spit ;  and  another,  1 1  inches,  was  taken  off  Ardno. 
On  the  7th,  several  other  specimens  were  trawled  on  Tarbert  Bank,  Lower 
Loch  Fyne  (G.). 

Pleuronedes  cynoglossus  (Linn(!;). — Upper  Loch  Fyne,  at  west  side  and 
centre,  in  15  to  36  fathoms  (M.).  Moderately  common  in  deep  water, 
from  off  Inveraray  to  the  head  of  the  loch  (G.). 

Pleuronedes  liinandOy  Linn6  ( =  (0  Hippoglossoides  platessoides).  — 
Barmore  Bay,  Lower  Loch  Fyne  (B.  <fe  S.).  Upper  Loch  Fyne,  west  and 
east  sides  and  centre,  in  10  to  70  fathoms  (M.).  Lowbum  to  Dunderave, 
off  Inveraray,  Kinglass  Spit,  off  Castle  Lachlan,  off  Minard,  Ardrishaig 
Bay,  Tarbert  Bank.     Common  all  over  the  Loch  (G.). 

Pleuronedes  Jlesus,  Linn6. — Common  in  Tarbert  Harbour  (B.  &  S.). 
Occasionally  in  Upper  Loch  Fyne.  One  specimen,  a  scarcely  ripe  male, 
was  taken  near  the  head  of  the  loch  in  May  1896,  and  another  off  Largy- 
more  (G.). 

Solea  vulgaris,  Quensel. — Small  specimens  have  been  captured  in  Bar- 
more  Bay  (B.  &  S.). 

Salmo  salary  Linn6. — Taken  occasionally  in  herring-nets  between  Tar- 
bert and  Barmore  (B.  &  S.). 
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Salmo  truttaj  Linn^ — Regularly  taken  in  small  quantities  just  outside 
East  Loch  Tarbert  (B.  &  S.). 

Clupea  harengiM,  Linn6. — ^The  herring  usually  enters  Loch  Fyne  in 
May,  and  the  fishing  usually  continues  till  November  (B.  &  S.). 

Anguilla  vulgaris,  Turton. — ^The  common  eel  affords  a  small  but  regular 
fishery  in  Tarbert  Harbour  (B.  &  S.).  One  specimen  was  taken  in  the 
shrimp  trawl-net  in  Inveraray  Bay  in  May  1896  (G.). 

Conger  vulgaris^  Cuvier. — Frequent  in  Loch  Fyne,  but  small  (B.  <fe  S.). 

Siphonostoma  typhle  (Linn6). — Captured  in  East  Loch  Tarbert  amongst 
zostera  (B.  <fe  S.). 

Syngnaihus  acuSy  Linn6. — Generally  distributed  throughout  the  loch, 
especially  inshore,  where  the  water  is  shallow. 

Nerophts  cequoreus  (Linn^). — East  Loch  Tarbert,  amongst  Zostera 
(B.  &  S.). 

Nerophts  lumbrict/ormis  (Willughby). — In  East  Loch  Tarbert,  amongst 
zostera,  with  the  previous  species  (B.  &  S.). 

Ganoidbi. 

Aeipenser  sturio,  Linn^. — Fine  specimens  are  often  noticed  during  the 
herring  fishery,  but  are  seldom  captured  (B.  &  S.). 

ELASMOBRANCHn. 

Pristiurus  mdanostomus  (Bonaparte). — Occasionally  brought  in 
amongst  the  Acanthii  in  the  winter  fishing  (B.  k  S.).  Upper  Loch  Fyne, 
east  side,  in  10  to  20  fathoms  (M.). 

Acanthius  vulgaris^  Risso. — Frequent  during  the  herring  fishing.  They 
are  occasionally  the  cause  of  serious  injury  to  the  herring-nets.  Upper 
Loch  Fyne,  east  side,  in  10  to  20  fathoms  (M.). 

Rata  davata,  Linne. — Frequent  during  the  winter  fishing  (B.  <&  S.). 
Occasionally  in  Upper  Loch  Fyne  (G.). 

Rata  maaulata,  Montagu. — Upper  Loch  Fyne,  east  side,  in  10  to  20 
fathoms  (M.). 

Raia  circularise  Couch. — Between  Loch  Gair  and  Largymore.  Taken 
with  the  beam-trawl  (G.). 


TUNICATA  OF  LOCH  FYNE. 

Comparatively  little  appears  to  have  yet  been  done  towards  the  investi- 
gation of  the  Loch  Fyne  Tuuicatcs.  This  group  is  a  somewhat  difficult 
one  to  study;  and  in  the  discrimination  of  many  of  the  species,  and 
especially  of  the  Botrylleds^  it  is  all  but  absolutely  necessary  that  living 
specimens  should  be  available.  Nine  species  are  here  recorded,  and,  with 
one  exception,  these  records  are  all  obtained  from  the  MS.  notes  of  the 
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steam  yacht  'Medusa.*  The  n amber  of  species  will  doubtless  be  con- 
siderably increased  when  the  Tunicata  come  to  be  more  thoroughly 
worked  up. 

Labvagea. 

Oikopleura  (1)  flahettum,  J.  MuUer. — Lower  Loch  Fyne  in  surface  tow- 
net  ;  Upper  Loch  Fyne,  near  Minard,  in  bottom  tow-net  (G.). 

ASGIDIAOBA. 

BotrylloideSf  sp. — Upper  Loch  Fyne,  west  side,  in  about  15  fathoms. 


Ciona  intedinales,  Linn6. — Upper  Loch  Fyne,  in  the  centre,  in  60  to 
65  fathoms  (M.). 

Aacidiella  virginea,  0.  F.  Miiller. — Upper  Loch  Fyne,  at  Minard 
Narrows ;  on  both  sides  and  centre,  in  10  to  70  fathoms ;  and  also  on 
the  shore  (M.). 

Ascididla  scdbra^  0.  F.  Miiller. — Upper  Loch  Fyne,  at  Minard  Narrows, 
and  on  the  east  side  and  centre,  in  12  to  65  fathoms  (M.). 

Ascidia  mentuloy  0.  F.  Miiller. — Upper  Loch  Fyne,  at  Minard ;  and 
on  both  sides  and  centre,  in  about  10  fathoms  (M.).  Tarbert  Bank, 
Lower  Loch  Fyne  ;  and  in  East  Loch  Tarbert,  frequent  and  large  (Mihi). 

Cordla  parallelogramma,  0.  F.  Miiller. — In  the  centre  of  Upper  Loch 
Fyne,  in  60  to  65  fathoms  (M). 

Stydopsia  grossularia  (Van  Beneden). — At  Minard  Narrows,  Upper 
Loch  Fyne,  on  the  east  side,  and  in  the  centre,  in  10  to  36  fathoms ;  and 
also  on  the  shore  (M.). 

Polycarpa  rustica,  Linn^. — At  Minard  Narrows,  Upper  Loch  Fyne, 
west  and  east  sides  and  centre,  in  10  to  70  fathoms  (M.). 


MOLLUSCA  OF  LOCH  FYNK 

N'ote, — The  arrangement  and  nomenclature  of  Part  IV.  of  the  Rev.  A. 
M.  Norman's  (Catalogues  (Museum  Normanianum)  are  followed  for  the  Mol- 
lusca.  The  Revision  of  British  AloUusca,  by  the  same  author,  as  far  as, 
and  inclusive  of,  Order  HI.  (Nudibranchiata),*  has  also  been  consulted  ; 
also  the  Mollusca  of  the  Firth  of  Clyde,  by  Alfred  Brown, 

Cephalopoda. 

Octopus  vulgaris,  Lamk. — In  herring-net  in  the  summer,  Laggan  Bay 
(B.  &  S.). 

Scceurgas  ciirhosa  (Lamk.).  Taken  in  herring-net  in  Laggan  Bay,  in 
December;  young  specimen  (B.  &  S.) ;  east  side  of  Upj>er  Loch  Fyne, 
30  fathoms  (M.). 

•  Revision  of  British  Mollusca^  Ann.  and  Mag.  Nat.  ffist.^  sixth  serioH,  vol.  v. 
pp.  452-481,  and  vol.  vL  pp.  60-91  (1890). 
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Sepiola  Bo7ideletv,  Leach. — Laggan  Bay ;  eggs  frequent,  attached  to 
Ascidians  and  other  objects  (B.  <fe  S.) ;  west  and  east  sides  of  Upper  Loch 
Fyne,  10  to  30  fathoms  (M.). 

Rossia  macrosonia  (D.  Ch.). — Laggan  Bay  (B.  &  S.).  Mid-channel, 
near  the  head  of  Upper  Loch  Fyne  (M.). 

Rossia  Owenif  Ball. — Off  Miiiard,  and  at  east  side  of  Upper  Loch  Fyne, 
10  to  30  fathoms  (M.).  Dr  Jeffreys  says  that  Steenstrup  considers  B, 
Oweni  of  Ball  to  be  the  male  of  B,  macrosoma,* 


Pteropoda. 

Limacina  retroversa  (Flem.).  Occasionally  taken  with  the  tow-net  in 
Loch  Fyne. 

Opisthobranohiata. 

Actceon  tomatilis  (Linn^). — Laggan  Bay,  Loch  Fyne  (B.  &  S.). 
Ardrishaig,  dead  specimens  (Alf.  Brown).  Upper  Loch  Fyne,  at  Minard 
Narrows,  in  12  fathoms  (M.).  Variety,  Imllmformis,  Jeffreys,  in  Loch 
Fyne,  in  40  to  50  fathoms,  muddy  bottom  (M*Nab ;  see  Jeffreys*  Brit, 
ConcKf  vol.  iv.,  p.  435). 

Tomatina  ohiusa  (Montagu). — Off  Silvercraigs,  Loch  Fyne  (Alf. 
Brown).     Loch  Fyne  (Robertson). 

Tornaiina  mamUlata  (Philippi). — Off  Silvercraigs,  Loch  Fyne  ;  scarce 
in  the  living  state ;  dead  shells  not  uncommon  (Alf.  Brown). 

Tornatina  trunccUvXa  (Bruguiere).  East  Loch  Tarbert  (B.  &  S,).  ^Off 
Silvercraigs  (Alf.  Brown). 

Tomatina  wmbilicata  (Montagu).  lu  Upper  Loch  Fyne,  at  Minard 
Narrows,  and  on  the  west  side  and  centre  in  15  to  70  fathoms.  Var. 
drigellOy  Lov6n,  has  been  taken  on  the  east  side  in  20  fathoms  (M.). 

Tomatina  nitidula,  Lov^n. — Loch  Fyne  (Mr  Barlee  and  Dr  J.  G. 
Jeffreys).     East  side  of  Upper  Loch  Fyne,  in  15  fathoms  (M.). 

Volvula  acuminata  (Bruguiere). — Loch  Fyne  (Barlee,  Alder,  J.  G. 
Jeffreys,  Robertson). 

Gylichna  cylindracea  (Pennant). — Tarbert  Bank  (Mihi).  In  Upper 
Loch  Fyne  at  Minard  Narrows,  and  at  both  sides  and  centre  in  10  to  70 
fathoms  (M.).     Loch  Fyne  (Jeffreys ;  var.,  linearis), 

Diapfiana  hyalina  (Turton). — East  Loch  Tarbert  (B.  &  S.).  Moll 
Dhu  and  Silvercraigs,  Loch  Fyne  (Alf.  Brown). 

Scaphander  lignarius  (Linn^).  Furlong  Bay,  and  off  Moll  Dhu  Point 
in  15  fathoms  (B.  &  S.).  Off  Silvercraigs  and  Otter  Spit,  Loch  Fyne 
(Alf.  Brown).  In  Upper  Loch  Fyne,  on  both  sides,  in  10  to  15  fathoms 
(M.). 

*  British  Conchology,  vol.  v.  p.  134,  See  abo  the  JUvisum  of  British  JioUusea, 
already  referred  to.^ 
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Bulla  utriculus,  Brocchi.  —  Tarbert  Bank,  Loch  Fyne  (Mihi).  Dr 
Jeffreys  dredged  a  single  specimen  of  the  variety  oblonga  in  Loch 
Fyte,  {Brit.  CmcK,  vol.  iv.  441). 

Haminea  hydatis  (Liun6). — Has  hitherto  been  found  only  in  the  deep 
water  of  Upper  Loch  Fyne  (M.). 

Accra  bullata^  Miiller. — East  Loch  Tarbert — living  (Mihi). 

PhUine  scabra  (Miiller). — Tarbert  Bank,  Loch  Fyne — ^living  (Mihi). 
lu  Upper  Loch  Fyne,  both  sides,  in  10  to  20  fathoms  (M.). 

Philine  catena  (Montagu). — In  the  centre,  of  Upper  Loch  Fyne,  in  35 
fathoms  (M.). 

Philine  punctata  (Clark). — Found  in  deep  water  (70  fathoms).  Upper 
Loch  Fyne  (M.). 

Philine  prulnoaa  (Clark). — Loch  Fyne  (Barlee). 

Aplysiapunctatay  Cuvier. — ^White  Shore,  E.  Loch  Tarbert,  rare  (B.  &  S.). 

Pleurobranchus  plumula  (Montagu). — Between  tide-marks  and  dredged. 
East  Loch  Tarbert  (B.  &  S.). 

Runcina  coronata  (Quatrefages)  («i?.  Haneocki,  Forbes). — Shallow 
water  amongst  weed  in  East  Loch  Tarbert,  rare  (Mihi). 

NUDIBRANCHIATA. 

Doris  tuberculafu,  Cuvier. — Frequent  in  East  Loch  Tarbert  (B.  &  S.). 
Shore,  Upper  Loch  Fyne  (M.). 

Doris  repanda,  Alder  and  Hancock. — East  Loch  Tarbert,  rare  (B.  <fe  S.). 
This  species  is  readily  distinguished  by  its  white  colour,  and  by  the  row  of 
spots  along  each  side. 

Doris  Johnstoni,  Alder  and  Hancock. — East  Loch  Tarbert — frequent 
(B.  &  S.).     Shore,  Upper  Loch  Fyne  (M.). 

Acanthodoris  pUosa  (Miiller). — Occasionally  in  East  Loch  Tarbert 
(B.  &  S.). 

Goniodoris  nodosa  (Montagu).  East  Loch  Tarbert^  between  tide- 
marks  (B.  &  S.). 

Triopa  davigera  (Miiller). — Between  tide-marks,  East  Loch  Tarbert ; 
not  common  (B.  &  S.). 

*Polycera  quadrilineatd  (Miiller). — East  Loch  Tarbert  (B.  <fe  S.).  Both 
the  ordinary  form  and  a  dark-coloured  variety  were  occasionally  obtained. 

JEyirus  punctilucens  (B'Orbigny). — Obtained  occasionally  on  the  under- 
side of  stones  in  East  Loch  Tarbert  (B.  &  S.). 

*Polycera  occllata^  Alder  and  Hancock,  has  also  been  obtained  in  East  Loch  Tarbert. 
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TrUonia  Homhergi,  Cuvier. — Obtained  in  the  vicinity  of  Minard,  Upper 
Loch  Fyne,  in  11  to  25  fathoms  (M.). 

Dendronotus  frondosus  (Ascanius)  [  =  /^.  arborescens  (MiiWer)], — Fre- 
quent in  Loch  Fyne  in  10  to  20  fathoms  (B.  &  S.). 

Eolis  papulosa  (Linn^). — Frequent  between  tide-marks  in  East  Loch 
Tarbert  (B.  &  S.). 

Galvina  picta^  Alder  and  Hancock  (  =  Eolis  picta\  Alder  and  Hancock. 
— Obtained  in  East  Loch  Tarbert ;  rare. 

Galvina  Farrani,  Alder  and  Hancock  ( =  Eolis  farrant)^  Alder  and 
Hancock). — Rare  in  East  Loch  Tarbert  (B.  <fe  S.).  One  specimen,  of  a 
rich  orange  colour. 

Favorinus  albus,  Alder  and  Hancock  (  =  Eolis  alba),  Alder  and  Han- 
cock.— Frequent  amongst  Zostera  in  East  Loch  Tarbert  (B.  &  S.). 

Facdina  Drummondii  (W.  Thompson)  {  =  Eolis  Drummondiiy  W. 
Thompson). — Moderately  common  amongst  zostera  in  East  Loch  Tarbert 
(B.  &  S.).     On  the  shore  between  tide-marks,  Upper  Loch  Fyne  (M.). 

HermcBa  bifida  (Montagu). — East  Loch  Tarbert ;  rare  (B.  &  S.). 

Alderia  modesta  (Lov^n). — Amongst  Zostera  near  the  head  of  East 
Loch  Tarbert  (Mihi). 

Elysia  viridis  (Montagu). — Common  amongst  Zostera  in  East  Loch 
Tarbert.     Colour  variable  from  pale  green  to  brown  (B.  <fe  S.). 


PULMONATA. 

Alexia  bidentata  (Montagu). — Common  under  stones  between  tide- 
marks,  East  Loch  Tarbert,  especially  round  towards  Grarvald  Point 
(B.  &  S.). 

Onddium  cdticum,  Cuvier. — Shore,  Upper  Loch  Fyne  (M.).  Only 
two  British  localities  are  mentioned  by  Dr  Jeffreys  for  this  species — viz., 
Lantivet  Bay,  Cornwall ;  and  Whitsand  Bay,  near  Plymouth. 

Prosobranohiata. 

ClathureUa  linearis  (Montagu). — Off  Battle  Island,  Loch  Fyne,  and 
in  East  Loch  Tarbert ;  dead  shells  occasionally  containing  small  hermit 
crabs  (B.  <fe  fe.). 

Clathurdla  purpurea  (Montagu). — ^West  side  of  Upper  Loch  Fyne, 
10  to  20  fathoms  (M.). 

ClathureUa  reticulata  (Renier). — West  side  of  Upper  Loch  Fyne,  12 
to  15  fathoms  (M.). 

ClathureUa  teres  (Forbes). — In  the  vicinity  of  Minard,  Upper  Loch 
Fyne,  12  to  15  fathoms  (M.).     East  Loch  Tarbert  (Mihi). 
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Mangdia  attenuata  (Montagu). — In  the  vicinity  of  Minard,  in  15  to 
20  fathoms  (M.). 

Mangdia  Icevtgata  (Philippi). — In  the  same  locality  as  the  last  (M.). 

Bda  turricolla  (Montagu). — East  LocJi  Tarbert  (living);  off  Battle 
Island,  dead  (B.  Sc  S.) ;  Upper  Loon  Fyne,  in  the  vicinity  of  Minard,  ou 
both  east  and  west  sides  and  in  the  centre,  in  11  to  70  fathoms  (M.). 

Bda  Trevdlyana  (Turton). — ^XJpper  Loch  Fyne,  in  1 1  to  20  fathoms  (M.). 

N&ptunea  antiqua  (Linn^). — ^Taken  in  the  vicinity  of  Minard ;  on  the 
east  and  west  sides  and  centre,  {ind  near  the  head  of  the  loch,  in  10  to  70 
fathoms,  and  between  tide-marks  (M).     East  Loch  Tarbert,  living  (Mihi). 

Sipho  gracilis  (Da  Costa). — Loch  Fyne  (B.  &  S.).  Vicinity  of 
Minard  ;  on  the  east  and  west  sides  and  centre  ;  and  near  the  head  of  the 
loch  in  10  to  70  fathoms  (M.). 

Bucdnum  undatum,  Linn6. — East  Loch  Tarbert  (B.  &  S.).  At 
various  places  from  the  vicinity  of  Minard  to  near  the  head  of  the  loch, 
and  from  between  tide-marks  down  to  70  fathoms  (M.).  In  deep  water, 
Upper  Loch  Fyne  (G.). 

Naasa  incrassata  (Strom). — East  Loch  Tarbert  (B.  <fe  S.).  Minard,  in 
12  to  20  fathoms,  and  between  tide-marks  (M.). 

Nassa  reticulata  (Linn^). — East  Loch  Tarbert  (B.  <fe  S.).  Minard,  in 
12  to  20  fathoms,  and  between  tide-marks  (M.). 

Nassa  pygmcea  (Lamarck). — In  the  vicinity  of  Idinard,  in  11  to  20 
fathoms  (M.). 

Trophon  truncatus  (Strom). — Tarbert  Bank,  Loch  Fyne;  not  very 
rare  in  suitable  localities. 

TropTum  muricattis  (Montagu). — In  Upper  Loch  Fyne,  in  12  to  25 
fathoms  (M.).  Tarbert  Bank,  Loch  Fyne  (Mihi).  Alfred  Brown  does 
not  include  this  species  in  his  work  on  the  MoUusca  of  the  Clyde,  prob- 
ably because  Trophon  dathrattis  may  sometimes  have  been  mistaken  for 
it.  I  have  both  species  in  my  collection,  and  when  they  are  placed  side 
by  side  the  difference  between  them  is  quite  apparent.  There  can  be  no 
doubt  that  the  specimen  from  Tarbert  Bank  is  Trophon  muricatus. 

Purpura  lapUlus  (Linn^). — Commonly  distributed,  especially  in 
shallow  water.     Vicinity  of  Minard,  in  12  to  20  fathoms  (M.). 

Trivia  europcea  (Montagu). — On  rocks  at  extreme  low  water  in  Loch 
Fyne,  also  in  East  Loch  Tarbert,  living  (B.  &  S.).  West  side,  Upper 
Loch  Fyne,  in  10  to  25  fathoms,  and  also  on  the  shore  (M.). 

Aporrhdis  pes-pdicani  (Linn^). — Furlong  Bay ;  off  Battle  Island,  &c. 
(B.  &  S.).  Minard ;  west  and  east  side  and  centre ;  and  near  the  head 
of  the  loch,  in  10  to  70  fathoms  (M.). 

Triforis  perversa,  Linn^. — ^Tarbert  Bank,  Loch  Fyne,  dead  shell 
(Mihi). 
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Cerit?Uop8i8  tuberctdaris  (Montagu). — East  Loch  Tarbert  (B.  &  S.). 
Living  shells  not  very  common. 

Triclwtropis  horealis,  Broderip  and  Sowerby. — Furlong  Bay,  Loch 
Fyne  (B.  <k  S.).     Minard,  west  side  and  centre,  in  11  to  35  fathoms  (M.). 

Turritella  terebra  (Linn^). — East  Loch  Tarbert,  dead  shells  (B.  &  S.). 
Minard,  west  and  east  sides,  in  10  to  30  fathoms  (M.). 

Ccecum  glahrum  (Montagu). — Loch  Fyne  and  East  Loch  Tarbert ;  not 
common  (B.  &  S.). 

lAttorina  littorea  (Linn^). — Common,  especially  between  tide-marks 
(B.  &  S.).  On  west  and  east  sides  of  Upper  Loch  Fyne,  10  to  25  fathoms, 
and  on  the  shore  (M.). 

Littorina  rudis  (Maton). — Common  between  tide-marks  (B.  &  S.). 

LMorina  ohtvsata  (Linii6). — Common  between  tide-marks.  The  variety' 
omata,  Jeflfreys,  is  also  occasionally  obtained  ;  specimens  of  the  variety 
were  collected  at  'White  Shore,'  East  Loch  Tarbert  (B.  &  S.).  West 
and  east  sides  and  centre,  and  near  the  head  of  Upper  Loch  Fyne,  in  10 
to  20  fathoms  ;  and  also  on  the  shore  (M.). 

Lacuna  paUidtda  (Da  Costa). — ^Taken  on  Laminaria  in  Loch  Fyne,  in 
shallow  bays  in  the  vicinity  of  East  Loch  Tarbert  (B.  <fe  S.).  The  variety 
albescens,  Jeffreys,  was  also  occasionally  obtained  (B.  &  S.). 

Lacuna  divaricata  (Fabricius). — Off  Battle  Island,  Loch  Fyne,  and 
East  Loch  Tarbert  The  variety  canalis  (Montagu)  was  obtained  in  East 
Loch  Tarbert  (B.  &  8.).  West  and  east  sides  and  centre  of  Upper  Loch 
Fyne,  and  near  the  head  of  the  loch,  in  10  to  20  fathoms  (M.). 

Skenea  planorbis  (Fabricius). — Common ;  Loch  Fyne  and  East  Loch 
Tarbert  (B.  &  S.). 

Homologyra  atomus  (Philippi). — East  Loch  Tarbert ;  not  very  common 
(B.  &  S.). 

Zippora  membranacea  (Adams). — Common  amongst  Zostera  in  East 
Loch  Tarbert  (B.  &,  S.).  The  specimens  were  usually  thin,  and  without, 
or  with  nearly  obsolete,  ribs;  they  are  probably  the  variety  data  of 
Philippi 

Rissoa  parva  (Da  Costa). — Loch  Fyne  and  East  Loch  Tarbert,  amongst 
weed  in  shallow  water. 

Rissoa  violacea,  Desmarets. — East  Loch  Tarbert,  between  tide- marks, 
and  dredged  (B.  <fe  S.).  Off  Silvercraigs,  Loch  Fyne  (Alf.  Brown). 
Head  of  Upper  Loch  Fyne  (G.). 

Alvania  canoeUata  (Da  Costa). — Loch  Fyne  (Jeffreys  and  Barlee). 

Alvania  reticulata  (Montagu). — Off  Battle  Island,  Loch  Fyne  (B.  k  S.). 
In  the  vicinity  of  Minard,  in  12  to  15  fathoms  (M.).  Off  Silvercraigs, 
Loch  Fyne  (Alf.  Brown). 
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Alvania  ahyssicola^  Forbes. — Loch  Fyne,  amongst  mud,  in  50  to  100 
fathoms  (M*Andrew  and  Forbes,  A.  M.  Norman,  and  others). 

Alvania  carinata  (Da  Costa)  \^Ru9oa  «^rtflrfttZa, (Montagu)]. — *I  ob- 
tained a  single  dead  specimen  and  some  fragments  off  Silvercraigs,  Loch 
Fyne,  in  about  12  fathoms  nullipore  and  sand  '  (Alf.  Brown,  in  MoUusca 
of  the  Firth  of  Clyde,  p.  62). 

Flemingia  zetlandica  (Montagu), — Tarbert  Bank,  Loch  Fyne  (Mihi). 
In  20  fathoms,  off"  Silvercraigs,  Loch  Fyne  (Alf.  Brown). 

OingtUa  ^r(Awaa^a  (Adams)  [  =  Rissoa  (Jwi^tKi«(  Montagu)]. — Common 
in  Loch  Fyne  and  F-ast  Loch  Tarbert  (B.  &  S.). 

Onoba  striata  (Adams). — Common  between  tide-marks  and  in  shallow 
water,  especially  where  there  is  a  weedy  bottom.  Loch  Fyne  and  East 
Loch  Tarbert  (B.  &  S.). 

Hydrohia  gtagnalis  (Bast.)  [  =  H,  ulvoe  (Penn.)]. — At  the  head  of  Upper 
lioch  Fyne  (G.). 

(JapiduB  hungaricus  (Linn^). — Furlong  Bay  in  15  fathoms  (B.  k  S.). 
Vicinity  of  Minard,  west  and  east  sides,  in  10  to  25  fathoms  (M.). 

Veltttina  Icevigata  (Pennant). — East  Loch  Tarbert  (B.  &  S.).  In 
Upper  Loch  Fyne,  at  Minard,  on  both  the  west  and  east  sidoH,  in  the 
centre,  and  near  the  head  of  the  loch,  in  10  to  70  fathoms  (M.).  Off 
Moll  L)hu  and  Silvercraigs  (Alf.  Brown). 

VdiUeUa  fleasUis  (Montagu)  [  =  Velutina  plicatUis  (Miiller)]. — *  One 
specimen  in  Loch  Fyne,  on  stony  ground,  in  25  fathoms'  (Forbes  and 
M'Andrew  ;  see  Mollusca  of  the  Firth  of  Clyde,  by  Alf.  Brown,  p.  83). 

Lamdlaria  perspicua  (Linn^). — East  Loch  Tarbert,  on  stones  between 
tide-marks,  frequent  (B.  &  S.).     Off  Silvercraigs  (Alf.  Brown). 

Lunatia  (Natica)  sordida  (Philippi). — Taken  in  the  vicinity  of  Minard 
in  15  to  20  fathoms  (M.). 

Lunatia  pidchella  (Risso)  [j=  Natica  Alderi,  Forbes]. —East  Loch  Tar 
bert  and  off  Battle  Island,  Loch  Fyne  (B.  &  S.).  In  the  vicinity  of 
Minard,  west  and  east  sides  and  centre,  and  also  near  the  head  of  Upper 
Loch  Fyne,  in  5  to  30  fathoms  (M.). 

Adeorhis  mhcarinatus  (Montagu). — A  few  dead  specimens  were  ob- 
tained in  the  coralline  zone  off  Silvercraigs,  Loch  Fyne,  by  Alfred  Brown 
(Mollusca  of  the  Firth  of  Clyde,  p.  82). 

Adis  supraniiida  (S.  Wood). — Tarbert  Bank,  Loch  Fyne ;  rare  (Mihi). 

Etdima  pdita  (Linn^). — West  and  east  sides  and  centre  of  Upper  Loch 
Fyne,  in  10  to  65  fathoms  (M.).  Off  Moll  Dhu  and  Silvercraigs  (Alf. 
Brown). 

Eulima  intermedia,  Cantraine  ;  var.  ruhro-tincta  (Jeff.). — Loch  Fyne 
(Jeffreys,  see  Brit.  Conch,,  vol.  iv.  p.  204). 
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Eulitna  incurva  (Ren.)  [-EtUiina  distorta  (Deslmyes)].  East  Loch 
Tarbert  (B.  <fe  S.).  West  and  east  sides  and  centre  of  Upper  Loch  Fyne, 
in  10  to  36  fathoms  (M.). 

Eulima  bilineata,  AMer. — West  side  of  Upper  Loch  Fyne,  in  10  to  15 
fathoms  (M.).  Off  Silvercraigs,  one  living,  and  a  few  dead  specimens 
(All  Brown). 

Turhonilla  rufa  (Philippi). — Taken  alive  off  the  pier  at  Ardrishaig  in 
6  fatlioms,  where  it  is  rather  common  (Alf.  Brown). 

Parthenia  interstinda  (Montagu). — Tarbert  Bank,  Loch  Fyne  (Mihi). 

Parthenia  rufescens  (Forbes). — Off"  Silvercraigs,  Loch  Fyne,  dead  shells 
only  (Alf.  Brown  as  Odostomia  sccdaris ;  variety,  rufescens).  Upper 
Loch  Fyne,  in  12  to  25  fathoms  (M.).  Dr  Jeffreys  in  British  Con- 
chologyy  vol.  iv.  p.  161,  and  Alfred  Brown  in  the  Mollusca  of  the 
Firth  of  Ctyde^  p.  77,  consider  Parthenia  {Odostomia)  rufescens  to  be 
only  a  variety  of  Parthenia  {Odostomia)  scalaris  (Philippi). 

Parthenia  spiralis  (Montagu). — Loch  Fyne  and  East  Loch  Tarbert ; 
not  uncommon  (B.  &  S.). 

Odostomia  conspicua.  Alder. — Loch  Fyne  (M*Nab  ;  see  Jeffreys'  Brit, 
Conch.,  vol.  iy.  p.  133). 

Odostomia  unidentata  (Montagu). — Loch  Fyne  and  East  Loch  Tarbert 
(B.  &  S.). 

Odostomia  acuta,  Jeffreys. — Loch  Fyne  (Barlee). 

Odostomia  pallida  (Montagu). — Off  Moll  Dhu  and  Silvercraigs,  Loch 
Fyne  (Alf.  Brown).  Usually  found  on  the  shells  of  living  Pecten  oper- 
cularis,  and  sometimes  on  Pecten  mxxximus, 

Odostomia  umbUicaris  (Malm). — Loch  Fyne  (Barlee,  see  Jeffreys'  op, 
cit,,  vol.  iv.  p.  130). 

;    Auriculina  {Odostomia)  obliqua  (Alder). — Tarbert  Loch  Fyne. 

Aurictdina  inscvlpta  (Montagu). — Off  Silvercraigs,  Loch  Fyne,  living 
shells  (Alf.  Brown). 

Eulimdla  {Odostomia)  SctUce  (Leacchi). — Off  Silvercraigs,  Loch  Fyne, 
in  sand  and  nullipore  (Alf.  Brown). 

EulimeUa  acicula  (Philippi). — Tarbert,  Loch  Fyne  (Robertson;  see 
Brown's  Mollusca  of  the  Firth  of  Clyde,  p.  78). 

\Molleria  costvlata  (Mdller). — A  single  specimen,  dead  but  perfect,  off 
Silvercraigs,  Loch  Fyne,  in  12  fathoms  nullipore  (Alf.  Brown).  Probably 
a  post-tertiary  fossil,  as  suggested  by  Mr  Brown.] 

Cyclostremu  nitens  (Philippi). — Off  Silvercraigs,  Loch  Fyne,  living 
(Alf.  Brown). 

Zizyphinus  zizyphinvs  (Linn^). — Laggan  Bay  and  other  localities  in 
Loch  Fyne  (B.  &  S.).     Off  MoU  Dhu,  Loch  Fyne  (Alf.  Brown). 
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Zizyphinus  mUlegranus  (Philippi). — Off    Battle   Islaud   (B.    &   S.). 
Fairly  abundant  at  Minsu-d  Narrows,   Upper  Loch  Fyne,  and  along  the 
sides  of  the  loch,  in  10  to  25  fathoms  (M.).     Fine  specimens  obtained  off . 
Silvercraigs,  where  the  species  is  plentiful  (Alf.  Brown). 

Zizyphintis  Montagui  (W.  Wood). — Off  Otter,  Loch  Fyne  ;  a  few  dead 
specimens  (Alf.  Brown). 

Gihbvla  magus  (Linn6). — White  Shore,  East  Loch  Tarbert  and  Loch 
Fyne  (B.  &  S.7.  Has  been  found  in  Upper  Loch  Fyne  in  10  fathoms 
(M.). 

Gibbula  umbilicata  (Montagu). — Common  near  low-water  mark  East 
Loch  Tarbert  (B.  &  S.).  Taken  in  Upper  Loch  Fyne,  near  the  head,  iji 
shallow  water  (M.). 

Gibhula  cineraria  (Linn^). — Common  in  East  Loch  Tarbert  (B.  &  S.). 
Vicinity  of  Minard,  west  and  east  sides  and  centre,  and  near  the  head  of 
Upper  Loch  Fyne,  in  5  to  70  fathoms  (M.). 

Oibula  tumida  (Montagu). — East  Loch  Tarbert  (B.  <k  S.).  Vicinity 
of  Minard,  w«st  and  east  sides  and  centre  of  Upper  Loch  Fyne,  in  10  to 
20  fathoms  (M.).     Off  Silvercraigs  (Alf.  Brown). 

Margarita  hdicina  (Fabricius). — East  Loch  Tarbert  (B.  <fe  S.).  This 
species  was  not  uncommon  at  extreme  low-water  on  the  fronds  of 
Laminaria  and  on  boulders,  both  in  East  Loch  Tarbert  and  in  the  neigh- 
bouring bays  in  Loch  Fyne. 

Emarginvla  crassa,  J.  Sowerby. — Off  Battle  Island,  dead  shells 
(B.  &  S.).  Upper  Loch  Fyne  at  Mfinard  Narrows,  and  on  both  sides,  in 
depths  of  10  to  20  fathoms  (M.). 

Emarginvla  fissura  (Linn^). — Off  Battle  Island,  and  in  other  localities ; 
dead  shells  (B.  <fe  S.).  Upper  Loch  Fyne  at  Minard  Narrows,  and  on 
both  sides  and  in  the  centre  of  the  loch,  as  well  as  on  the  shore  (M.). 

Puneturdla  noachina  (Linn6). — Laggan  Bay  (B.  &  S.).  In  Upper 
Loch  Fyne  at  Minard  Narrows,  and  on  both  sides,  in  10  to  30  fathoms 
(M.). 

Aemcea  tedudinalis  (Miiller).  —  White  Shore,  East  Loch  Tarbert 
(B.  &  S.).     In  Upper  Loch  Fyne,  on  the  shore  (M.). 

PiUdium  fuivum  (Miiller).--Tarbert  Bank,  Loch  Fyne  (Mihi).  Off 
Moll  Dhu  and  Silvercraigs  (Alf.  Brown). 

Hetcum  pellucidum  (Linn^). — White  Shore,  East  Loch  Tarbert ;  var. 
lOBVXB  (B.  &  S.). 

Patdla  vulgata^  Linn^. — Common  throughout  the  district  on  stones 
between  tide-marks. 

POLTPLAOOPHOBA. 

Chiton  fasciadariay  Linn6. — East  Loch  Tarbert ;  rare  (B.  <k  S.). 

Chiton  cinereus,  Linn6. — In  Upper  Loch  Fyne  at  Minard  Narrows, 
in  15  to  20  fathoms  (M.). 
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Chiton  inarginatuSy  Pennant. — ^White  Shore,  East  Loch  Tarbert 
(B.  &  S.).  In  Upper  Loch  Fyne  at  Minard  Narrows,  on  the  west  and 
east  sides  and  centre,  in  10  to  36  fathoms,  and  on  the  shore  (M.). 

CJiiton  ruber,  Linn^. — Under  stones  between  tide-marks  (B.  &  S.).  In 
Upper  Loch  Fyne  at  Minard  Narrows,  on  both  sides,  in  10  to  20  fathoms, 
and  on  the  shore  (M.).     Ofif  Moll  Dhu  (Alf.  Brown). 

Chiton  marmorem,  Fabricius. — East  Loch  Tarbert  (B.  &  S.).  Has 
been  found  abundantly  in  Achagoil  Bay,  in  Upper  Loch  Fyne  (M.). 

SOAPHOPODA. 

Dentalium  entalis,  Linn^. — Common  off  Barmore  and  in  other  locali- 
ties (B.  &  S.).  In  Upper  Loch  Fyne  at  Minard  Narrows,  and  on  both 
sides  and  centre,  in  10  to  70  fathoms  (M.). 

*Siphonodentcdium  (Puhdlum)  lofotense.  M.  Sars. — Lower  Loch 
Fyne  (Roberteon,  in  Trans.  Nat,  Hist,  Soc.  Glasgow,  vol.  it,  N.S.,  p.  151). 

Peleotpoda. 

Tetrabranchia, 

Anomia  ephipptum,  Linn6, — Common  in  the  Loch  Tarbert  district 
(B.  &  S.).  In  Upper  liOch  Fyne  at  Minard  Narrows,  and  on  both 
sides  and  centre,  in  10  to  65  fathoms — the  variety  striata  at  Minard  and 
on  the  east  side,  in  12  to  20  fathoms  (M.). 

Anomia  patdliformis,  Linu^. — In  Upper  Loch  Fyne  at  Minard 
Narrows,  and  on  the  east  side  in  10  to  20  fathoms  (M.). 

Ostrea  edvlis,  Linn^. — Generally  distributed  in  the  Tarbert  district, 
but  small  and  scarce,  the  variety  deformis,  Jeff.,  between  tide-marks  East 
Loch  Tarbert  (B.  &  S.).  Upper  Loch  Fyne,  between  tide-marks,  both 
the  ordinary  form  and  the  variety  parasitica,  Turt.  (M.).  Loch  Fyne 
near  Tarbert  (Alf.  Brown). 

Lima  hians  (Gmelin). — Off  Battle  Island,  in  40  fathoms  (B.  &  S.). 
In  Upper  Loch  Fyne,  near  the  shore  on  both  sides,  in  about  15  fathoms 
(M.). 

lAw/i  subaurictdata  (Montagu). — Off  Battle  Island  in  40  fathoms — 
dead  shells  (B.  <fe  S.).  Off  Silvercraigs,  Loch  Fyne;  common  iu  10 
fathoms  in  muddy  sand  and  shells  (Alf.  Brown). 

Lima  Loscombi,  G.  B.  Sowerby. — Rather  rare  in  Upper  Loch  Fyne,  in 
10  to  15  fathoms  on  the  west  side  (M.). 

Pecten  mweimus  (Linn^). — Off  Skate  Island  in  14  fathoms,  and  in 
other  localities,  but  not  very  plentiful  (B.  &  S.).  Living  specimens 
have  been  taken  in  Upper  Loch  Fyne  (M.).  Off  Moll  Dhu  and  Silver- 
craigs, Loch  Fyne  (Alf.  Brown).  Adult  living  specimens  have  been  taken 
in  East  Loch  Tarbert  (Mihi). 

Pedm  varius,  Linn^. — East  Loch  Tarbert  (B.  &  S.).     Found  aband- 

*  Dr  Bobertson  {op,  cU,,  p.  152)  also  records  the  discovery  of  SipJumodefUalium 
{PtUsellum)  affine,  M.  Sars,  *  off  Skate  Island  at  the  mouth  of  Looh  Fyne,  in  90  to 
100  fathoms.' 
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antly  at  extreme  low  water  in  Upper  Loch  Fyne  (M.).  In  10  fathoms, 
off  Sil\rercraig8,  in  stony  and  shelly  ground — ^youug  live  specimens  ouly 
(Alf.  Brown). 

Pecten  ttgrimis,  0.  F.  Miiller. — Not  uncommon  off  Battle  Island  in  40 
fathoms,  both  the  typical  form  and  the  variety  costatuSy  Jeff.  (B.  &  S.). 
In  Upper  Loch  Fyne  at  Minard  Narrows,  and  at  both  sides,  in  10  to  30 
fathoms  (M.). 

Pecten  striatus,  0.  F.  Miiller. — Furlong  Bay  and  Moll  Dhu  Point, 
not  common  (B.  <k  S.).  Upper  Loch  Fyne  at  Minard  Narrows,  at  both 
sides  and  in  the  centre,  and  also  near  the  head  of  the  loch,  in  10  to  30 
fathoms  (M.). 

Pecten  pusio  (Linn6). — A  few  off  Skate  Island  in  14  fathoms,  and  in 
East  Loch  Tarbert  (B.  <fe  S.).  Upper  Loch  Fyne  at  Minard  Narrows,  and 
on  the  east  side  in  10  to  25  fathoms,  as  well  as  also  between  tide  marks 
(M.). 

Pecten  pes-lutrce  (Liun^),  (  =  Pecten  septemradtatus^  Miiller). — Com- 
mon in  Upper  Loch  Fyne  in  the  deepest  water,  where  also  the  largest 
specimens  are  found.  Very  large  and  fine  specimens  were  taken  below 
Strachur — much  finer  than  towards  the  head  of  the  loch — the  specimens 
procured  towards  the  head  of  the  loch  in  about  10  fathoms,  and  at 
Minard  Narrows,  being  smaller  than  those  from  the  deep  water.  All  the 
specimens  taken  in  a  haul  off  Skate  Island  in  104  fathoms  were  dead, 
lu  deep  water  the  shells  are  always  associated  with  much  manganese  (M.). 
Plentiful  in  deep  water  off  Skate  Island  (B.  <k  S.). 

The  variety  aHms,  Jeff.,  is  not  very  rare  in  Loch  Fyne ;  perhaps  one 
in  every  fifty  belongs  to  this  variety  (M.). 

The  variety  Dumasii,  Payr.,  has  been  taken  in  Upper  Loch  Fyne  in 
70  fathoms  (M.). 

Pecten  operctdaris  (Linn6). — Common  in  the  neighbourhood  of  Tarbert 
(B.  &  S.).  Upper  Loch  Fyne  at  Minard  Narrows  ;  at  both  sides  and  in 
the  centre,  and  also  near  the  head  in  10  to  70  fathoms ;  and  also  on  the 
shore  betwetjn  tide  marks  (M.).  At  Moll  Dhu  and  Silvercraigs  (Alf. 
Brown). 

Pecten  similis,  Laskey. — Dredged  at  Tarbert  Bank,  Loch  Fyne  (Mihi). 
A  local  and  gregarious  species,  Moll  Dhu,  Loch  Fyne  (Alf.  Brown).  The 
fry  of  Pecten  maximus  are  liable  to  be  mistaken  for  this  species  by  those 
who  have  not  had  an  opportunity  of  seeing  both  forms. 

MytUus  eduliSj  Liun6. — Found  at  the  heads  of  all  the  Clyde  lochs. 
This  is  a  widely  distributed  species  both  in  the  northern  and  southern 
hemispheres ;  it  has  been  recorded  from  Rio  de  la  Plata,  Falkland,  and 
Kerguelen  Islands,  and  from  New  Zealand  (M.).  There  is  an  extensive 
bed  of  Mytilus  edvlis  at  Ardrishaig  (Alf.  Brown). 

Modiola  modiolus  ^Linn^). — Common  in  the  neighbourhood  of  East 
Loch  Tarbert  (B.  &  S.).  Abnndaut  at  extreme  low  water  in  all  the  Clyde 
lochs,  also  at  Minard  Narrows,  and  at  both  sides  of  Upper  Loch  Fyne  in 
10  to  30  fathoms  (M.). 

Modiolaria  marmorata  (Forbes). — Common ;  usually  found  embedded 
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in  the  test  of  large  Ascidians  which  are  frequent  on  Tarbert  Bank,  in 
Loch  Fyne,  and  common  at  extreme  low  water  in  East  Loch  Tarbert 
(B  <fe  S.).  Uppftr  Loch  Fyne  at  Minard  Narrows,  in  12  to  20  fathoms 
(M.).     Moll  Dhu,  Loch  Fyne  (Alf.  Brown). 

Modiolaria  discors  (Linn^). — Attached  to  the  roots  of  Laminaria  and 
other  algsB  in  East  Loch  Tarbert,  and  in  neighbouring  bays  in  Loch 
Fyne  (B.  &  S.). 

Nucula  nucleus, — (Linn6). — Upper  Loch  Fyne  at  Minard  Narrows,  in 
12  to  20  fathoms  (M.). 

Nucula  sulcata,  Brown. — Upper  Loch  Fyne  at  Minard  Narrows,  in  1 2 
to  15  fathoms  (M.).     Tarbert,  Loch  Fyne  (Barlee). 

Nucula  nitida,  Q.  B.  Sowerby. — Battle  Island ;  not  common  (B.  &  8.). 
Upper  Loch  Fyne  at  Minard  Narrows,  and  on  the  west  and  east  sides 
and  in  the  centre,  in  10  to  70  fathoms  (M.). 

Nucula  tenuis  (Montagu). — Occasionally  off  Battle  Island  (B.  &  S.). 
On  both  sides  and  in  the  centre  of  Loch  Fyne,  in  10  to  70  fathoms  (M.). 
Locally  plentiful  opposite  Otter,  Loch  Fyne  (Alf.  Brown). 

Leda  minuta  (0.  F.  Muller).— Off  Battle  Islaud  (B.  &  S.).  Abundant 
in  Lower  Loch  Fyne  in  100  to  105  fathoms  (M.). 

Astarte  sulcata  (Da  Costa). —Laggan  Bay  and  East  Loch  Tarbert 
(B.  <k  S.).  Upper  Loch  Fyne  at  Minard  Narrows,  and  on  both  sides  and 
in  the  centre,  in  11  to  70  fathoms  (M.).  Off  Otter  Spit  and  Moll  Dhu 
(Alf.  Brown). 

Astarte  elliptica  (Brown). — Laggan  Bay  (B.  &  S.).  Upper  Loch  Fyne 
at  Minard  Narrows,  and  on  the  east  side  in  10  to  20  fathoms ;  also  in 
Lower  Loch  Fyne  in  12  fathoms  (M.).  This,  which  is  sometimes  de- 
scribed as  a  variety  of  Astarte  sulcata,  is  reinstalled  to  specific  rank  in 
Dr  Norman's  catalogue. 

Astarte  compressa  (Montagu). — Upper  Loch  Fyne  at  Minard  Narrows, 
in  11  to  20  fathoms,  abundant  (M).  In  sand  and  nuUipore,  in  10  to 
12  fathoms,  off  Silvercraij^s,  Loch  Fyne;  not  uncommon  (Alf.  Brown). 
The  variety  striata  (Leach),  has  been  dredged  at  Tarbert  Bank  (Mihi). 

Astarte  triangularis  (Montagu).—  Off  Silvercraigs,  Loch  Fyne — dead 
shells  (Alf.  Brown). 

Turtonia  minuta  (Fabricius). — White  Shore,  East  Loch  Tarbert 
(B.  &  S.). 

Lascea  rubra  (Montagu). — East  Loch  Tarbert  (B.  &  S.);  var.  pallida, 
Jeff.,  Loch  Fyne  (Alf.  Brown). 

Montacuta  suhstriata  (Montagu).— Off  Otter,  Loch  Fyne  (Alf.  Brown). 
This  species  is  frequently  found  on  the  spines  of  living  Spatangus  pur- 
pureus. 

Montacuta  bidentata  (Montagu). — East  Loch  Tarbert  (B.  &  S.).  Off 
the  pier  at  Ardrishaig — living  (Alf.  Brown). 
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Montacuta  tumidula,  Jeffreys. — Off  Tarbert  in  25  fathoms ;  Loch  Fyne 
in  45  to  56  fathoms.  (Somerville  and  J.  T.  Marshall  in  Journal  of  Con- 
cfiology,  vol.  viiL  p.  349,  Jan.  1897.) 

Decipula  ferruginosa  (Montagu). — Off  the  pier  at  Ardrishaig  in  rather 
less  than  6  fathoms — fine  specimens,  living  (Alf.  Brown). 

Lepton  nitidum,  Turton. — Off"  Sil vercraigs,  and  at  Otter  Spit,  lioch  Fyne ; 
Jiving  specimens  (Alf.  Brown). 

Cardium  echinatum^  Linn^. — Generally  distributed,  East  Loch  Tar- 
bert and  Loch  Fyne  (B.  &  S.).  Upper  Loch  Fyne  at  Minard  Narrows, 
and  from  the  shore  to  60  fathoms  (M.).     Loch  Fyne  (Alf.  Brown). 

Cardium  papillosum,  Poll — Upper  Loch  Fyne  (M.).  This  is  an  addi- 
tion to  Alf.  Brown's  Catalogue. 

Cardium  edule,  Linn^. — More  common  in  West  than  in  East  Loch 
Tarbert  (B.  &  S.).  Found  on  shores,  in  bays,  and  in  all  the  loQhs  of  the 
Clyde  district  (M.).     Loch  Fyne  (Alf.  Brown). 

Cardium  exiguum,  Gmelin. — East  Loch  Tarbert  (B.  &  S.).  Off  Otter, 
Loch  Fyne  (Alf.  Brown). 

Cardium  nodosum,  Turton. — Has  been  taken  in  Upper  Loch  Fyne,  on 
the  east  side  and  in  the  centre,  in  30  to  70  fathoms  (M.). 

Cardium  fasciatum,  Montagu. — East  Loch  Tarbert  (B.  &  S.).  Upper 
Loch  Fyne  at  Minard  Narrows,  and  on  east  side  in  10  to  30  fathoms  (M.). 
Off  Silvercraigs  and  off  Otter,  Loch  Fyne  (Alf.  Brown). 

Lcevicardium  norvegicum  (Spengler). — East  Loch  Tarbert,  and  in  Loch 
Fyne — single  valves  (B.  &  S.).  At  Minard  Narrows,  Upper  Loch  Fyne 
(M.). 

Cyprina  islandica  (Linn^). — Dead,  but  fresh,  shells,  near  Lagpan  in 
30  fathoms  (B.  &  S.).  At  Minard  Narrows ;  and  on  both  sides  and  in 
the  centre  of  Upper  Loch  Fyne,  as  well  as  near  the  head  of  the  loch,  in 
5  to  65  fathoms ;  has  also  been  obtained  on  the  shore  (M.). 

Tapes  jndlastra  (Montagu). — Common  at  White  Shore,  East  Loch 
Tarbert  (B.  &  S.).  Upper  Loch  Fyne,  on  the  shore — very  plentiful  on 
the  Spit  at  Minard  Narrows  (M.). 

Tapes  virginea  (Linn^). — Has  been  observed  in  Upper  Loch  Fyne  at 
Minard  Narrows  in  11  to  20  fathoms,  and  also  at  low  water  (M.). 

Circe  minima  (Montagu). — Valves  and  dead,  but  fresh,  shells  i)i  East 
Loch  Tarbert  and  Loch  Fyne  (B.  &  S.).  Upper  Loch  Fyne  at  Minard 
Narrows  in  11  to  25  fathoms  (M.).    Sivercraigs,  Loch  Fyne  (Alf.  Brown). 

Dosinia  exoleta  (Linn^). — Upper  Loch  Fyne  at  Minard  Narrows,  also 
on  the  west  side  from  the  shore  to  25  fathoms  (M.). 

'    Dosinia  lincta  (Pulteney). — Upper  Loch  Fyne,  from  the  shore  to  70 
fathoms  (M.). 
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Vemis  castTia,  Lino^. — Upper  Loch  Fyne  at  Minard  Narrows,  in  12 
to  20  fathoms,  and  in  Lower  Loch  Fyne  in  104  fathoms  (M.).  Off 
Silvercraigs,  Loch  Fyne  (Alf.  Brown). 

Ventis  gdlUnay  Linn^. — Common  along  all  the  shores  and  in  all  the  lochs 
of  the  Clyde  district  (M.,  Alf.  Brown,  and  others). 

Venits  ovata,  Pennant. — Off  Battle  Island,  and  in  East  Loch  Tarbert 
(B.  &  S.).  Common  in  all  the  Clyde  lochs  in  depths  of  10  to  70  fathoms 
(M.). 

Venus  fasdata  (Da  Costa). — Common  in  East  Loch  Tarbert  and  Loch 
Fyne  (B.  &  S.).  Minard  Narrows,  Upper  Loch  Fyne,  in  12  to  20  fathoms 
(M.).     Colour  and  sculpture  variable. 

Lucinopsis  undata  (Pennant). — Off  Otter  Spit,  Loch  Fyne ;  generally 
in  about  8  to  12  fathoms  (Alf.  Brown). 

Axinus  flexuosus  (Montagu).  East  Loch  Tarbert  (B.  &  S.).  In  all 
the  upj)er  lochs  of  the  Clyde  district  in  depths  varying  from  5  to  70 
fathoms  (M.). 

^'  Aocinus  ferruginosus  (Forbes). — Loch  Fyne,  off  Tarbert,  in  16  to  18 
fathoms  (B.  &  S.).  Upper  L  )cli  Fyne  in  10  to  35  fathoms,  and  in  Lower 
Loch  Fyne  in  20  to  100  fathoms  (M.).  Alive  at  Moll  Dhu,  Loch  Fyne, 
on  a  muddy  bottom  (Alf.  Brown). 

Axinvs  croulinensisy  Jeffreys. — Lower  Loch  Fyne  (Robertson,  Trans, 
Nat.  Hist.  Sac.  of  Glasgow,  vol.  ii.,  N.S.,  p.  152). 

Psammohia  ferroensis  (Chemnitz). — At  Minard  Narrows,  Upper  Loch 
Fyne,  in  10  to  30  fathoms,  and  also  on  the  west  and  east  sides  (M.). 

Solen  siliqtia,  Linn^. — East  Loch  Tarbert — variety  arctuita,  Jeff. 
(B.  &  S.).  Large  and  fine  specimens  are  occasionally  obtained  at  extreme 
low  water  near  Strachur  in  Upper  Loch  Fyne  (M.). 

*  Solen  ensiSy  Linnd — Taken  in  all  the  lochs  of  the  Clyde  district  (M.). 

Solen  pellucidus,  Pennant. — Loch  Fyne,  off  Silvercraigs,  and  off  Otter 
(Alf.  Brown).     Not  very  uncommon,  but  very  fragile. 

Mactra  subtruneata  .(Da  Costa). — Frequent  in  East  Loch  Tarbert 
(B.  &  S.).  Dpper  Loch  Fyno  at  Minard  Narrows,  in  12  to  20  fathoms, 
and  also  on  the  shore  (M.). 

Mactra  eUtptica,  Brown. — Off  the  Otter  Spit,  Loch  Fyne  (Alf.  Brown). 
Upper  Loch  Fyne,  at  Minard  Narrows  in  11  to  25  fathoms  (M.).  Jeffreys 
in  British  Conchology  and  Brown  in  Mollusca  of  the  Firth  of  Clyde^ 
include  M.  etliptica.  Brown,  under  M.  solida,  linn^  as  a  variety  of  that 
species,  but  in  Dr  Norman's  catalogue  it  is  entered  as  a  separate  species. 

Lutraria  elliptica,  Lamarck. — Upper  Loch  Fyne  at  Minard  Narrows, 
in  12  to  20  fathoms  (M.). 

*  Solen  siliqua  var.  arcuata  has  sometimes  been  mistaken  for  SoUn  ensis ;  the 
latter,  boweyer,i8  nsiuJly  considerably  smaller  than  the  variety  arcuata  of  S,  siliqua. 
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My  a  arenariay  Linni^.— Upper  Loch  Fyne,  between  tide  marks  (M.). 
Between  tide  marks  East  Loch  Tarbert  (Mihi). 

My  a  truncata,  Linne. — East  Loch  Tarbert — dead  shells  (B.  <k  S.).  Be- 
tween tide  marks  tbroughoat  the  Clyde  district  where  the  conditions  are 
favourable  (M.). 

• 

CorbaLa  gihba  (Olivi). — Loch  Fyne  and  East  Loch  Tarbert,  not  com- 
mon (B.  <k  S.).  At  Minard  Narrows,  and  on  both  siiles  and  in  the 
centre,  as  well  as  near  the  head  of  Upper  Loch  Fyne,  in  1 0  to  70  fathoms 
(M.).     Oflf  Silvercraigs,  Loch  Fyne  (Alf.  Brown). 

Saxicavella  pliccUa  (Montagu). — A  living  specimen  was  obtained  in 
muddy  sand  and  nullipore  at  the  mouth  of  Loch  Gilp  (Alf.  Brown). 

Saxicava  ruyosa  (Lmn6). — Shores  of  East  Loch  Tarbert  (B.  &  S.). 
Minard  Narrows,  and  on  both  f^ides  and  in  the  centre  of  Upper  Loch 
Fyne,  in  10  to  36  fathoms  (M.).  The  variety  arttca  (Linn^)  has  also 
been  obtained  at  Minard  (M.). 

Xylophaga  dorsdlis^  Turton. — A  considerable  number  of  specimens  were 
obtained  in  a  piece  of  partially  rotten  wood  dredged  in  Eant  Loch  Tar- 
bert ;  the  species  was  also  obtained  under  similar  conditions  ofif  Skate 
Island,  Loch  Fyne  (B.  &  S.).  Also  from  a  piece  of  old  wood  obtained  off 
Inveraray  (G.). 

Teredo,  sp.  (?). — Specimens  of  a  Teredo  were  observed  in  a  piece  of 
wood  obtained  on  the  east  side  of  Upper  Loch  Fyne  (M.). 


Dibrancliia, 

Lueina  horealis  (Linne). — Dead  shells  frequent  on  the  shore  (B.  &  S.). 
On  the  shores  of  Upper  Loch  Fyne  (M.).  Off  Silvercraigs,  Loch  Fyne 
(Alf.  Brown). 

Lueina  spinifera  (Montagu). — Taken  on  one  occasion  in  Upper  Loch 
Fyne,  in  60  fathoms  (M.).  Off  Otter  and  Moll  Dhu,  Loch  Fyne ;  scarce, 
and  not  full  grown  (Alf.  Brown). 

Tdlina  crassa,  Pennant— One  specimen  off  Silvercraigs,  Loch  Fyne 
(Alf.  Brown).     Single  valves  are  frequent. 

Tdlina  tenuis^  Da  Costa. — On  the  shore.  Upper  Loch  Fyne  (M.). 
East  Loch  Tarbert  and  neighbourhood  ;  common  (B.  &  S.). 

Tellina  fahvla^  Gronovius. — Off  the  pier  at  Ardrishaig  (Alf.  Brown). 

TeUina  balthieaf  Linn6.— On  the  shore  of  Upper  Loch  Fyne  (M.). 
Plentiful  and  fine  at  Lochgilphead;  the  variety  attenuata  (Jeff.)  also 
occurs  here  (Alf.  Brown). 

Abra  alba  (S.  Wood).— Off  Battle  Island,  in  maddy  sand  (B.  &  S.). 
In  Upper  Loch  Fyne,  <m  the  east  side  and  in  the  centre,  and  also  near 
the  head,  in  25  to  70  fathoms  (M.).  Plentiful  in  Loch  Gilp,  in  5  to  7 
fathoms,  at  the  mouth  of  the  loch  (Alf.  Brown). 


Digitized  by 


Google 


of  the  Fishery  Board  for  Scotland.  129 

Ahra  prismatica  (Montague). — In  muddy  saml,  in  6  fathoms,  oflf 
Ardrishaig  Pier ;  rather  commou  (Alf .  Brown). 

Ouspidaria  cuspidata  (Olivi). — Off  Battle  Island ;  rare  (B.  &  S.).  At 
Minard  Narrows,  and  on  bot*»  sides  and  in  the  centre  of  Upper  Loch 
Fyne,  in  10  to  70  fathoms  (M.).  Loch  Fyne  (Robertson,  see  Brown's 
Mollusca  of  the  Firth  of  Clyde,  p.  41). 

Ouepidaria  costdlata  (Deshayes). — Tarbert  Bank,  Loch  Fyne,  and  oflf 
Battle  Island,  in  40  fathoms  (B.  Si  8.).  Miuard  Narrows,  on  the  east 
and  west  sides  ;  and  off  Furnace,  in  10  to  25  fathoms  (M.).  Loch  Fyne 
(M'Andrew,  Forbes,  and  Barlee). 

Ouspidaria  ahhreviata,  Forbes. — In  the  deeper  portions  of  Loch  Fyne, 
rare  (B.  &  S.).  Minard  Narrows,  east  side  and  centre,  in  15  to  70 
fathoms  (M.).     Loch  Fyne  (M*Andrew,  Barlee,  A.  M.  Norman). 

Lyonsia  norvegica  (Chemnitz). — Loch  Fyne;  not  common  (B.  &  S.). 
Upper  Loch  Fyne,  at  Minard  Marrows,  and  along  both  sides,  in  8  to  20 
fathoms  (M.). 

Coehlodesma  proetenue  (Pulteney). — Upper  Loch  Fyne,  in  depths  of  5, 
36,  and  70  fathoms,  as  well  as  at  low-water  (M.). 

Thracia papyracea  (Poll). — Upper  Loch  Fyne,  on  the  shore  (M.). 

Thracia  villosttisciUa  (Macgillivray),  variety  distorta  (Montagu). — Off 
Silvercraigs,  Loch  Fyne  (Alf.  Brown). 

BRACHIOPODA  OF  LOCH  FYNE. 

TerebrattUina  caput-serpentis  (Linn6). — Fairly  common  of  Battle 
Island,  in  40  fathoms  (B.  &  S.).  At  Minard,  west  and  east  sides  and 
centre,  in  10  to  65  fathoms  (M.).  Off  Moll  Dhu  and  Silvercraigs  (Alf. 
Brown).  • 

Orania  anomala  (0.  F.  Miiller). — Abundant  and  large  near  Moll 
Dhu  Point ;  frequent  also  in  other  parts  of  the  loch  ;  usually  at  a  depth 
of  less  than  20  fathoms  (B.  &  S.).  Upper  Loch  Fyne,  at  Minard  Nar- 
rows, in  11  to  20  fathoms,  and  towards  the  east  side  in  45  fathoms  (M.). 

CRUSTACEA  OF  LOCH  FYNE. 

A  History  of  the  Grustaceay  by  the  Rev.  T.  R.  R  Stebbing,  has  been 
followed  as  to  the  uomeuclature  of  the  Malagostraoa  (the  Amphipoda 
excepted). 

Brachyura. 

Inachus  dorsettensis  (Pennant). — Frequent  in  10  to  20  fathoms  in 
Loch  Fyne  (B.  &  S.).  Upper  Loch  Fyne  at  Minard,  and  on  both  sides, 
in  10  to  30  fathoms  (M.). 

Hyas  araneus  (Linn^). — Common  between  tide-marks  (B.  &  S.). 
Upper  Loch  Fyne  at  Minard,  on  both  sides  and  centre,  and  near  the 
h^  of  the  loch,  in  10  to  30  fathoms,  and  on  the  shore  between  tide- 
marks  (M.). 
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Hyas  coarctatiLSy  Leach. — Common  in  the  ofE-shore  waters  of  Loch 
Fyne  (JB.  &  S.).  Upper  Loch  Fyne  at  Minard,  and  on  both  sides,  in  10 
to  30  fathoms  (M.). 

Macropodia  rosiraia  (Linn6). — Upper  Loch  Fyne  at  Minard,  and 
west  side,  in  10  to  25  fathoms  (M.). 

Macropodia  longirostris  (Fabricius). — Not  common  in  Iioch  Fyne 
(B.  &  S.). 

AchoBus  Oranchiiy  Leach. — Upper  Loch  Fyne,  east  side,  in  10  fathoms 
(M.). 

Ckmcer  pagurus,  Linn6. — Frequent  on  the  rocky  shores  of  Loch  Fyne 
(B.  &  S.). 

Cardnvs  moenas  (Linn^). — Common  (B.  &  S.).  Both  sides  of  Upper 
Loch  Fyne,  in  10  to  30  fathoms,  and  on  the  shore  (M.).  A  specimen  of 
this  crab  was  obtained  having  a  Sacculina  carcini  adhering  to  its  abdomen 
(G.). 

Portunvs  puber  (Linn^). — ^Frequent  in  10  to  15  fathoms  or  more  in 
Loch  Fyne  (B.  &  S.).  Taken  in  fair  numbers  in  1885,  but  not  observed 
during  1892  (M.). 

Portunus  depurator  (Linn4). — Frequent  in  Loch  Fyne  (B.  &  S.).  At 
Minard  and  east  side  of  Upper  Loch  Fyne,  in  5  to  30  fathoms ;  one  of 
the  commonest  species  of  Portunus  in  the  Clyde  district  (M.). 

Portunus  marmoreus,  Leaeh. — Frequont  in  Loch  Fyne  (B.  &  S.). 

Portimus  pusiUuSf  Leach. — Frequent  in  Loch  Fyne  (B.  &  S.).  Upper 
Loch  Fyne,  east  side,  in  5  fathoms  (M.). 

•  Malta  tuberosa  (Pennant). — Tarbert  Bank,  Loch  Fyne  (Mihi). 

Anohura. 

Porcellana  longicomis  (Pennant). — Between  tide-marks;  not  very 
plentiful  (B.  &  S.). 

Lithodes  maid  (Linn^). — Common  in  Loch  Fyne,  but  mostly  of  medium 
size  (B.  &  S.).     Vicinity  of  Furnace  (G.).     Loch  Fyne  (Dr  Scoular  *). 

Eupagwrus  bemhardue  (Linn^). — Common  in  Loch  Fyne  (B.  <k  S.). 
Uppw  Loch  Fyne  at  Minard,  on  the  west  and  east  sides,  and  in  the 
centre,  in  10  to  70  fathoms,  and  also  near  the  head  of  the  loch  (M.). 
(*  Pagurus  tUidianus '  is  a  synonym  of  this  species.) 

Eupagurm  Prideaux  (Leach). — Common  in  Loch  Fyne,  and  usually 
associated  with  Adamsia  palliata  (B.  &  S.).  Upper  Loch  Fyne  at 
Minard,  on  west  and  east  sides  and  in  the  centre,  in  10  to  70  fathoms  (M.). 

Eupagurus  scidpttmanus,  Lucas. — Upper  Loch  Fyne  at  Minard,  on  the 
west  sida,  in  10  to  25  fathoms  (M.,  as  Pagurus  Forbesii).  Eupagfirus 
Forbesii  is  a  synonym  of  Eupagurus  sculptimanus. 

*  Proceedings  of  Nat,  Hist.  Soc  of  OUtsgow^  First  Series,  vol.  L  p.  8. 


Digitized  by 


Google 


of  the  Fishery  Board  for  Scotland.  131 

Ewpagurus  pubesrens  (Kroyer). — East  Loch  Tarbert  (Mihi).  Upper 
Loch  Fyne  at  Minard,  ou  the  west  side  and  in  the  centre,  in  10  to  20 
fathoms,  also  off  Dunderave  (M.).  This  species  is  usually  surrounded 
more  or  less  by  a  sponge — Suberites  suherea. 

Anapagurus  Hyndmanni  (Thompson). — East  Loch  Tarbert  (Mihi). 

Anapagurus  Icevis  (Thompson). — Frequent  in  East  Loch  Tarbert  and 
Loch  Fyne  (B.  <te  S.).  Upper  Loch  Fyne  at  Minard,  on  the  west  and 
east  sides  and  in  the  centre,  off  Dunderave,  in  10  to  36  fathoms  (M.). 
A  female  with  ova  dredged  in  105  fathoms  in  Loch  Fyne  in  August 
(Henderson). 

Anapagurus  chiroacanthtiSy  Lilljeborg  {^Eupagurnsferrugineus^l^ot- 
man). — East  Loch  Tarbert  (B.  &  S.).  Upper  Loch  Fyne,  west  side,  in 
10  to  15  fathoms  (M.). 

Munida  rugosa  (Fabricius). — Upper  Loch  Fyne  at  Minard^  and  on 
east  side,  in  12  to  20  fathoms  (M.).  Loch  Fyne  ;  common  (Dr  Scouler, 
op.  a*/.). 

Qalaihea  sqwmifera^  Leach.— -Common  in  East  Loch  Tarbert  and 
Loch  Fyne  (B.  &  S.).  Upper  Loch  Fyne,  west  side,  in  10  to  15  fathoms 
(M.). 

Qalaihea  nexa,  Embleton. — Upper  Loch  Fyne  at  Minard,  and  in  the 
centre,  near  the  head  of  the  loch,  in  12  to  20  fathoms  (M.).  Loch  Fyne 
(Dr  Scouler,  op,  dt). 

Galathea  dispersa,  Spence  Bate. — Upper  Loch  Fyne  at  Minard,  and 
on  both  sides,  and  in  the  centre  near  the  head,  in  10  to  30  fathoms  (M.). 

Galathea  intermedia^  Lil^eborg. — East  Loch  Tarbert  and  Buck  Bay  (B. 
&  S.).    Loch  Fyne  at  Minard,  and  on  both  sides,  in  10  to  20  fathoms  (M.). 

Macrura. 

Galoearis  Macandrece  (Bell). — Occurs  sparingly  in  the  deeper  portions 
of  Loch  Fyne,  in  60  to  90  fathoms  (B.  &  S.).  Upper  Loch  Fyne,  in  the 
centre,  in  60  to  65  fathoms  (M.).  Loch  Fyne  (M*Andrew).  Loch  Fyne, 
in  40  to  105  fathoms  (Henderson). 

Palinurus  vulgaris^  Latr. — A  single  specimen  taken  in  herring-nets  by 
Ardrishaig  fishermen  in  the  spring  (B.  &  S.). 

Astacua  Oammarm  (Linn6). — The  common  lobster  is  generally  distri- 
buted in  Lower  Loch  l^^ne,  where  the  shores  are  rocky.  There  is  a  small 
summer  lobster  fishing  carried  on  in  Buck  Bay  (B.  &  S.).  East  Loch 
Tarbert  (Mihi).  The  fresh- water  lobster  of  the  English  rivers  is  not  an 
Astacmy  but  belongs  to  the  genus  Potamohivs  of  Leach  (see  Stebbing's 
History  of  Orustacea^  p.  207). 

Pontophilus  spinosus  (Leach).— Upper  Loch  Fyne  at  Minard,  in  11  to 
25  fathoms  (M.).     East  Loch  Tarbert ;  rare  (B.  &  S.). 

Crangon  vidgaris,  Fabricius. — Obtained  in  East  Loch  Tarbert,  but  not 
plentiful  (B.  &  S.).     Inshore,  Upper  Loch  Fyne  (M.). 
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Grangon  Allmani,  Kinahan. — Frequent  in  the  offshore  water  (B.  &  S.). 
Upper  Loch  Fyue,  both  sides  and  centre,  and  near  the  head,  in  10  to  70 
fathoms  (M.).     Off  Inveraray  (G.). 

Clieraphilus  echinulatvs^  M.  Sars. — A  single  specimen  off  Skate  Island, 
Loch  Fyue,  in  105  fathoms — mud  (Henderson). 

Gheraphilus  negledvs^  G.  0.  Sars. — Obtained  occasionally  in  East  Loch 
Tarbert  and  in  neighbouring  parts  of  Loch  Fyne  (Mihi). 

Nika  edvlisy  Risso. — Several  specimens  off  Skate  Island,  Loch  Fyne, 
in  105  fathoms  (Henderson). 

Spirontocaris  Cranchit  (Leach). — Loch  Fyne  (Forbes  and  M*Andrew. 
East  Loch  Tarbert  (Mihi).. 

Spirontocaris  Oaimardii  (M.  Edwards). — Loch  Fyne  (Forbes  and 
M* Andrew),  East  Loch  Tarbert  as  Uippolyte  pandaliformis  (B.  &  S.). 
Upper  Loch  Fyne,  both  sides,  and  in  the  centre,  in  10  to  60  fathom t* 
(M.). 

Spirontocaris  securifrons  (Norman). — Common  in  20  to  40  fathoms  in 
Loch  Fyne  (C-  &  S.).  Upper  Loch  Fyne  at  Minard,  east  side,  centre, 
and  near  the  head,  in  10  to  70  fathoms  (M.). 

Hippolyte  varians.  Leach. — Zostera  bed  in  East  Loch  Tarbert,  abund- 
ant (B.  &  S.). 

Hippolyte  fasciger^  Gosse. — F^ast  Loch  Tarbert,  amongst  Zostera,  fre- 
quent (Mihi). 

Garidion  Gordoni  (Spence  Bate). — Upper  Loch  Fyne,  on  both  sides, 
in  10  to  20  fathoms  (M.). 

Pandalus  Montagui,  Leach,  (  =  P.  anntdicomis), — Common,  East  Loch 
Tarbert  and  Loch  Fyne  (B.  &  S.).  Abundant  and  of  large  size  in  Upper 
Loch  Fyne  in  70  fathoms.  The  species  ia  generally  found  everywhere  in 
depths  greater  than  40  fathoms ;  but  is  also  obtained  in  comparatively 
shallow  water  (M.). 

Pandalus  brevirostris,  Rathke. — East  Loch  Tarbert  (B.  &  S.).  West 
side  of  Upper  Loch  Fyne,  in  10  to  15  fathoms  (M.).  Loch  Gkiir  and 
Strachur  Bay  (G.). 

Pasiphoia  sivado  (Risso). — Four  specimens  taken  off  Skate  Island  in 
105  fathoms;  one  measures  4  inches  in  length,  and  two  others  are  scarcely 
inferior  in  size  (Henderson).  Off  Strachur,  in  Upper  Loch  Fyne,  in  70 
fathoms  (M.).  A  specimen  of  Pasiphcea  was  obtained  in  the  large  mid- 
water-net  of  the  *  Garland,'  at  5  fathoms  below  the  surface,  between  Tar- 
bert and  Avidh  Island,  Loch  Fyne. 

SOHIZOPODA. 

EupTiausiidsR, 

Nyctiphanes  norvegica  (M.  *Sars). — Loch  Fyne ;  found  also  in  the 
stomachs  of  herring  and  Acanthias  {B,  &  S.).     In  great  abundance  in 
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Upper  Loch  Fyne  just  above  the  mud  in  the  deepest  water;  also  in 
Lower  Loch  Fyiie,  in  80  to  100  fathoms.  The  young  are  found  in  great 
profusion  at  all  seasons  of  the  year,  in  from  5  to  20  fathoms  above  the 
mud  in  the  deepest  water  in  Loch  Fyne  (M.). 

Boreophatma  Raschii  (M.  Sars). — Loch  Fyue  (B.  &  S.).  Upper  Loch 
Fyne,  between  Lowburn  and  Dunderave,  taken  in  the  bottom  tow-net 
(G.). 

My  tides, 

Mysidopeis  gihhosa^  G.  0.  Sara. — East  Loch  Tarbert  (B.  &  S.).  In 
Barmore  Bay  and  other  parts  of  Loch  Fyne.  Head  of  Upper  Loch  Fyne 
(G.). 

Mysidopsis  diddphys  (Norman). — Near  the  head  of  Loch  Fyne,  May 
1896  (G.). 

Mysidopsis  augusta^  G.  O.  Sars. — Barmore  Bay,  Loch  i^yne,  m  4 
fathoms;  rare  (B.  &  S.) 

Leptomysis  linguara,  G.  0.  Sars. — East  Loch  Tarbert ;  moderately  tre- 
quent(B.  &  S.). 

Leptomysis  gracilis^  G.  O.  Sars. — Between  Loch  Gair  and  Largymore, 
and  between  Lowburn  and  Dunderave  Castle,  Upper  Loch  Fyne  (G.). 

MacTomysis  flexuosa  (0.  F.  Mttller). — East  Loch  Tarbert,  among  Zos- 
tera  ;  frequent  (B.  &  S.).     Upper  Loch  Fyne,  inshore  (M.). 

*Praunus  inermis  (Rathke). — East  Loch  Tarbert,  among  Zostera 
(B.  &  S.).     Upper  Loch  Fyne,  between  Inverae  and  Furnace  (G.). 

*Praunus  neglectus  (G.  O.  Sars). — Mouth  of  Loch  Fyne,  60  fathoms, 
mud  ;  a  single  specimen  from  a  tow-net  attached  to  tbe  trawl  (Hender- 
son). 

Hemimysis  Lamomai  (R.  Q.  Couch).  —  East  Loch  Tarbert,  among 
zostera^  not  v«ry  rare  (B.  &  S.).  Tarbert  Bank,  in  20  to  25  fathoms  (G.). 
When  alive,  the  species  is  of  a  bright  red  or  scarlet  colour. 

Neomysis  vtUgaris  (J.  V.  Thompson). — Loch  Dhu,  near  Inveraray  (J. 
Pringle).  Prof.  Bell,  in  British  Stalk-eyed  Crustacea,  in  describing  this 
species,  refers  to  a  My  sis  obt  Jned  by  Or  Leach  at  Loch  KanzR,  Arran, 
and  described  by  him  as  M.  integer.  The  description  of  M,  integer  by  Dr 
Leach  is  imperfect,  but  Prof.  Bell  is  of  the  opinion  that  it  is  identical  with 
M.  vulgaris^  J.  V.  Thom[)son.  Dr  Leach's  record  appears  to  be  the  only 
one  for  the  Clyde  district,  hitherto — it  is  the  only  one  referred  to  by  Dr 
Henderson,  in  his  Decapod  and  Schizopod  Crustacea  of  tlie  Clyde. 
It  is  of  interest,  therefore,  to  have  this  confirmation  of  the  fact  that  Mysis 
(now  Neomysis)  vulgaris  is  a  member'of  the  Clyde  fauna.  Loch  Dhu  is 
a  small  brackish  water  loch  at  the  mouth  of  the  river  Shira,  near  Inver- 
aray, into  which  the  tide  flows  and  ebbs.  Mr  Pringle,  of  H.M.  Ordnance 
Survey,  who  obtained  the  species  in  Loch  Dhu,  kindly  handed  his  speci- 
mens over  to  me  for  examination,  when  I  found  them  to  belong  to  the 
Mysis  referred  to.     This  Mysis  is  not  an  uncommon  species  in  Scotland 

•  Spe  HUt4)ry  of  Crustacea,  by  the  Rev.  T.  R.  B.  Stebbing,  p.  227,  as  to  the 
priority  of  Prawius. 
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— it  is  sometimes  frequent  in  the  Forth ;  I  have  also  obtained  it  in  Loch 
Wester,  in  Caithness;  in  a  small  loch  on  the  Island  of  Barra,  Outer 
Hebrides ;  and  in  a  gathering  from  Loch  Belmont  in  Shetland. 

Schistomysis  omatus  (G.  O.  Sars). — Near  the  head  of  Loct  Fyne, 
among  trawl  refuse  (G.). 

Schistomysis  arenosa  (G.  O.  Sars). — East  Loch  Tarbert,  among  Zostera 
(B.  &  S.). 

StrieUa  armata  (M.  Edwards). — East  Loch  Tarbert  and  neighbouring 
parts  of  Loch  IV^i®  (B.  &  S.). 

StrieUa  Brooki,  Norman. — East  Loch  Tarbert,  among  Zostera  (B.  &  S.). 
This  requires  careful  examination  to  distinguish  it  from  the  next  species. 

Strtdla  Clausii  (G.  O  Sars). — East  Loch  Tarbert,  among  Zostera;  a 
somewhat  rare  species  (B.  k  S.). 

Erythrops  degans  (G.  0.  Sars). — East  Loch  Tarbert,  and  in  the  vicinity 
of  Barmore,  Loch  Fyne  (Mihi). 

CUMACBA. 

Iphinoe  trispiiwsa  (Goodsir). — At  the  head  of  Upper  Loch  Fyne,  in 
the  bottom  tow-net  (G.). 

Vaunthompsonia  cristatOy  Spence  Bate. — East  Loch  Tarbert,  not  com- 
mon (B.  &  S.).     Oflf  Largabruach,  Upper  Loch  Fyne ;  dredged  (6.). 

Lamprops  fasciatay  G.  O.  Sars. — East  Loch  Tarbert,  Loch  Fyne,  fre- 
quent near  low  water,  at  White  Shore  (B.  &  S.). 

HemUampraps  rosea,  Norman. — A  single  specimen  of  this  Cumaoean 
was  taken  in  the  bottom  tow-net  between  Inverae  and  Furnace,  Upper 
Loch  Fyne  (G.).  In  this  specimen  the  telson  was  furnished  with  eight 
terminal  spines. 

Hemilamprops  uniplicata,  G.  O.  Sars. — East  Loch  Tarbert  (B.  &  S.). 

Leucon  nastcus,  Kroyer. — Between  Lowbum  and  Dtinderave,  At  the 
head  of  Upper  Loch  Fyne  (G.). 

EudoreUa  truncatula  (Spence  Bate). — Upper  Loch  Fytte,  between 
Lowbum  and  Dunderave  Castle,  in  the  bottom  tow-net  (G.). 

Diastylis  ragosa,  G.  0.  Sars. — East  Loch  Tarbert ;  not  very  common 
(B.  &  S.). 

Diadylis  RathMi,  Kroyer. — East  Loch  Tarbert ;  iu»t  common  (Mihi). 

Dia8tylu8  biplicaia  (Sars). — Head  of  Loch  Fyne,  in  bottom  tow-net 
(Q.). 

Pseudocuma  cercaria.  Van  Beiieden. — East  Loch  Tarbert ;  frequent 
(Mihi).     Upper  Loch  Fyne,  off  Largabruach  (G.). 
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Camjpylaspis  costata^  G.  0.  Sara. — Upper  Loch  Fyne,  between  Low- 
burn  and  Dunderave,  in  the  bottom  tow-net  (G.). 

Campylaspis  ruhicunday  LiUjeborg. — Upper  Loch  Fyne,  between  Low- 
bum  and  Dundeiave,  in  the  bottom  tow-net  (G.). 

Oumella  pygmceay  G.  0.  Sare. — East  Loch  Tarbert  (Mihi).  Tarbert 
Bank,  Lower  Loch  Fyne,  in  20  to  25  fathoms;  and  at  Largabruaeh, 
Upper  Loch  Fyne  (G.). 

Nannasticiia  tmguiaulatuSy  Spence  Bate. — Upper  Loch  Fyne,  between 
Lowburn  and  Dunderave,  on  the  bottom  tow-net,  and  at  Tarbert  Bank, 
Lower  Loch  Fyne,  dredged  (G.). 

ISOPODA. 

Tanais  tomentoms,  Kroyer  [  =  T,  vitcUtis,  (Rathke)]. — Loch  Fyne,  near 
the  mouth  of  East  Loch  Tarbert,  on  rocks  which  are  situated  between  tide- 
mark,  and  more  or  less  covered  with  barnacles ;  frequent  (Mihi). 

Tanaopm  laticaudatvSy  G.  O.  Sars  (  =  *Leptognathia  IcUicaudcUa, 
G.  O.  Sars). — Moderately  frequent  in  Loch  Gair,  and  in  dredged  material 
collected  off  Largabruaeh,  Upper  Loch  Fyne  (G.). 

Eurycopa  phalamjium,  G.  0.  Sars. — This  curious  little  Isopod  was 
obtained  in  the  bottom  tow-net,  between  Lowburn  and  Dunderave  Castle, 
Upper  Loch  Fyne;  very  rare  (G.).  I  am  indebted  to  the  Rev.  Mr 
Stebbing  for  the  identification  of  this  species. 

Ancem  maxillaris  (Mohtagu).— Upper  Loch  Fyne  (M.).  Off  Inverary 
(G.). 

JEga  bicarinata,  Leach. — Dredged  in  Loch  Fyne  in  15  fathoms; 
bottom,  mud,  shells  and  gravel  (Robertson). 

Cirolana  spinipes,  Bate  and  Westwood. — Dredged  at  the  mouth  of 
Loch  Fyne,  in  37  fathoms  ;  bottom,  mud  and  small  gravel  (Robertson). 
Loch  Fyne,  in  30  fathoms  (Mihi).     This  last  was  a  female  with  ova. 

Eurydice  pulchra,  Leach. — Upper  Loch  Fyne  (M.).  East  Loch 
Tarbert,  not  unfrequent  (Mihi). 

SpJuBToma  curium,  Leach. — East  Loch  Tarbert,  not  common  (Mihi). 

Limnoria  lignorum  (Rathke). — East  Loch  Tarbert,  on  old  wood  ;  gene- 
rally distributed  throughout  Loch  Fyne  (Mihi). 

Idotea  tricuspidata  (Desmarest). — Upper  Loch  Fyne,  at  Minard,  and  on 
the  west  side,  in  10  to  25  fathoms  (M.).     East  Loch  Tarbert  (Mihi). 

Idotea  pelagica  Leach. — Upper  Loch  Fyne  (M.).  East  Loch  Tarbert, 
not  very  common  (Mihi).  Idotea  pelagica  is  a  much  smaller  Isopodtban  /. 
tricusjridata,  as  well  as  being  of  a  different  habit,  and  it  is  also  proportion- 
ally stouter.     1  have  a  specimen  of  the  former  (with  ova)  not  more  than 

*  Professor  Sars,  in  his  new  work  on  the  Ontstacea  of  Norway  (vol.  ii.),  has  insti- 
tuted a  new  gentts  for  this  Isopod,  viz.  TanaopHs, 
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7  mm.  in  length.  (Notwithstanding  the  marked  difference  between 
ova-bearing  specimens  of  /.  tricuspidata  and  /.  pdagica,  it  is  now  cus- 
tomary to  consider  both  as  belonging  to  the  one  species,  viz.  Idotea 
marina^  Linn^.) 

Astadlla  longicomis  (Sowerby). — Upper  Loch  Fyne,  in  the  centre,  in 
36  to  70  fathoms ;  also  off  Dunderave  (M.).  East  Loch  Tarbert  (Mihi). 
Off  Skate  Island,  in  105  fathoms  (Robertson). 

Janira  maculosa^  Leach. — East  Loch  Tarbert,  under  stones  at  low 
water,  and  dredged ;  generally  distributed  (Mihi). 

Jcera  (1)  Nordmanni^  Rathke. — Upper  Loch  Fyne,  between  Lowbum 
and  Dunderave  Castle,  in  a  bottom  tow-net  gathering  (G.).  East  Loch 
Tarbert  (Mihi). 

Leptcupidta  brevipes,  Bate  and  Westwood. — East  Loch  Tarbert,  not 
common  (Mihi). 

Gryptothir  halani  (Spence  Bate). — East  Loch  Tarbert,  associated  with 
Bdlanvs  balanoides.  While  examining  a  immber  of  specimens  of  Bal- 
anus  hcdanoides  at  Tarbert  Laboratory,  a  specimen  of  Cryptothiry  a  female, 
was  obtained  in  the  sixth  Bcdanus  examined,  but  though  several  hundreds 
of  the  same  species  of  Balanvs  were  afterwards  carefully  dissected,  no 
more  Oryptothir  halani  were  found  (Mihi). 

AtJielgue  paguri  (Rathke). — Occasionally  obtained  on  Eupaguma 
bemhardtcs  in  East  Loch  Tarbert  and  neighbouring  parts  of  Loch  Fyne. 

Paevdione  Hyndmanni  (Bate  and  Westwood). — This  species  (both  the 
form  known  as  "  Phryxus  Hyndmanni  "  and  that  described  as  "  PhryxiLS 
fudicaudatus'^),*  was  obtained  in  Loch  Fyne,  near  Tarbert.  **  Phryxtis 
Hyndmanni"  was  taken  from  a  specimen  of  Hippolyta  varians^  but 
^^  Phryxus  fu«ticaudatu8'*  was  obtained  from  a  specimen  of  Eupagurvs  hem" 
hardns.  As  regards  "  Phryxus  fusticaudatus "  the  following  note  waa 
made  at  the  time  of  its  discovery — "It  agre^  very  well  with  the  figure 
given  in  Bate  and  Westwood's  monograph;  the  clavate  lobes  on  each 
side  of  pleon  and  the  "  spathulate ''  terminal  segment  are  well  developed." 
(This  specimen  was  unfortunately  lost.) 

AUPHIPODA. 

Tlie  Amphipoda  of  Norway,  by  Professor  G.  0.  Sars,  is  followed  in 
the  classification  and  nomenclature  of  this  group. 

Hyperiidea, 

Hyperia  galha  (Montagu). — East  Loch  Tarbert,  associated  with 
Aurdia  aurita  (B.  <fe  S.). 

Hyperoche  tauriform.is  (Spence  Bate). — Loch  Gair,  near  Quay  Ferry, 
Upper  Loch  Fyne  (G.).     These  two  species  of  the  Hyperiidea,  though 

*  This  specimen  of  Phryxus  fuaiieaudaius  was  a  mature  female  with  numerous 
enihryo  young  enclosed  under  the  ovigerous  plates :  thes«  embryos  closely  resemble 
tlip  |iaiasitic  Kpicaiide  knopi  as  MieronisctLS^  and  which  is  found  sometimes  on 
CalantL8, 
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occasionally  observed  within  the  Clyde  area,  are  somewhat  uncommon ; 
very  few  specimens  of  either  have,  so  far  as  known,  been  obtained  in 
Lodi  Fyne.  Both  species  are  moderately  common  on  the  east  coast  of 
Scotland. 

Gammaridea, 

Talitrua  locmta  (Pallas). — Upper  Loch  Fyne,  off  Inveraray  (G.) 

Orchestia  littorea  (Montagu),  [  =  0.  Oammarellus  (Pallas)]. — East  Ijoch 
Tarbert.  This  is  a  species  of  frequent  occurrence  wherever  the  condi- 
tions are  suitable. 

Hycde  Luhhoekiana  (Spence  Bate),  [  =  Allorchestes  imhrlcaiea^  Spence 
Bate,  and  Hyale  Ndssoni,  Boeck  (in  part)]. — East  Loch  Tarbert,  mode- 
rately frequent. 

Lysianax  Codes  (Milne  Edwards). — Upper  Loch  Fyne  (M.).  East  Loch 
Tarbert  (Mihi). 

Perrierdla  Avdouiniana  (Spence  Bate),  {  —  Lysianassa  Audouinianaj 
Spence  Bate,  and  Pararistias  Avdouiniana^  Robertson). — Upper  Loch 
Fyne,  at  Minard,  in  11  to  25  fathoms  (M.).  Tarbert  Bank,  Lower  Loch 
Fyne  (G.). 

CcUiisoma  crenaia  (Spence  Bate). — Loch  Fyne,  in  80  fathoms  (Robert- 
son). Upper  Loch  Fyne  in  the  centre  in  36  to  70  fathoms — inside  a 
dead  Brissopsis  lyrifera  (M.).  Between  Lowburn  and  Dunderave,  rare 
(G.). 

Hippomedon  denticulatus^  Spence  Bate  {  =  Hippomedon  Holholliy 
Boeck). — Loch  Fyne  in  80  fathoms,  bottom  mud  (Robertson).  East  Loch 
Tarbert  (Mihi).  Taibert  Bank,  Lower  Loch  Fyne,  in  20  to  25  fathoms 
(G.). 

Sophrosyne  Robertsoni,  Stebbing  and  Robertson. — (?)  Upper  Loch  Fyne 
(M.). 

Orchomene  Batet,  G.  O.  Sars. — Loch  Fyne,  in  10  to  12  fathoms 
(Robertson).  Tarbert  Bank,  Loch  Fyne  (G.). — Upper  Loch  Fyne,  west 
and  eastsides  and  centre,  in  10  to  70  fathoms  (M.) 

*Orchomenella  minuta  (Kroyer). — This  species  is  reported  from  Minard, 
where  it  was  obtained  in  11  to  25  fathoms  (M.). 

Tryphosa  Sarsi  (Bonnier). — Upper  Loch  Fyne,  near  Largabruach,  and 
off  Inveraray  (G.). 

Tryphosftes  longipes  (Spence  Bate). — East  Loch  Tarbert  (Mihi).  Upper 
Loch  Fyne  (M.). 

Hoplonyx  cicada  (Fabricius),  [  =  Anon7jx  Holholliy  Spence  Bate  (not 
Kroyer)]. — Tarbert  Bank,  Lower  Loch  Fyne,  in  20  to  25  fathoms  (G.). 

Bathyporeia  Robertsonii,   Spence  Bate. — East  Loch  Tarbert.     (Prof. 

**'  Orchomene  propinquus  "  is  also  recorded  as  having  been  obtained  on  the  west 
side  of  Upper  Locb  Fyne,  in  10  to  25  fathoms  (M.).  I  do  not  find  this  species  in 
Robertson's  catalogue,  or  in  Sars*  monograph. 
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G.  O.  Sara  seems  to  have  no  doubt  as  to  B,  RoherUoni  being  a  ■*  good  * 
species). 

Urothoe  marina,  Spence  Bate. — Near  Barmore,  Loch  Fyne  (Mihi). 
Upper  Loch  Fyne  (M.). 

Urothoe  norvegica,  Boeck. — Upper  Loch  Fyne,  west  and  east  sides 
and  centre,  in  10  to  70  fathoms  (M.). 

PhoxocephcdiM  Holholli  (Kroyer). — Upper  Loch  Fyne,  on  the  east  side 
and  in  the  centre,  in  10  to  70  fathoms  (M.).     Pfioxus  simplex,  Spenoe 
Bate,  is  probably  synonymous  with  this  species. 
♦ 

Harpinea  neglecta  G.  O.  Sara. — East  Loch  Tarbert  (Mihi).  Loch 
Fyne,  in  80  fathoms  (Robertson).     Loch  Gair,  frequent  (G.). 

Ampelisca  typica  (Speitce  Bate). — East  Loch  Tarbert  (Mihi).  Upper 
Loch  Fyue,  west  side,  in  10  to  25  fathoms  (M.). 

Ampelisca  loevigata,  Lilljeborg. — Taken  by  the  sieve  in  pure  sand,  at 
low  water,  at  Crarae,  Loch  Fyne  (R.).  Upper  Loch  Fyne,  in  the  centre, 
in  36  to  70  fathoms  (M.). 

Ampelisca  tenuicomis,  Lilljeborg. — Dredged  in  Loch  Fyne,  in  80 
fathoms,  bottom  soft  mud  (R.).  Upper  Loch  Fyne,  at  Minard,  west  and 
east  sides  and  centre,  in  10  to  70  fathoms  (M.).     Loch  Gair  (G.^. 

Ampelisca  spinipes,  Boeck. — Loch  Fyne,  near  Skate  Island,  in  100 
fathoms  and  also  in  80  fathoms  (R.). 

Ampelisca  Uschrichtii,  Kroyer. — Upper  Loch  Fyne,  at  Minard,  in  11 
to  25  fathoms  (M.). 

Haploops  setosa,  A.  Boeck. — Dredged  off  Skate  Island,  Loch  Fyne,  in 
100  fathoms;  two  only  were  met  with  (Robertson). 

Stegocephaloides  christianiensis^  Boeck. — Loch  Fyne,  in  40  to  70 
fathoms.     Upper  Loch  Fyne  (M.). 

[Stegocephaloides  aurates,  G.  0.  Sars,  is  inserted  among  the  MS.  records 
of  the  steam  yacht  *  Medusa '  for  Upper  Loch  Fyne,  east  side  and  centre, 
in  15  to  70  fathoms,  but  this  species  is  not  recorded  in  the  catalogue  of 
the  late  Dr  Robertson.] 

AmphHochus  manudens,  Spence  Bate. — Upper  Loch  Fyne,  between 
Lowburn  and  Dunderave,  in  the  bottom  tow-net  (G.). 

Oyproidea  damnoniensis,  Stebbing. — Upper  Loch  Fyne  (M.). 

Stenothoe  marina  (Spence  Bate). — Upper  Loch  Fyne  (M.).  At  Tar- 
bert Bank,  Lower  Loch  Fyne,  in  20  to  25  fathoms  (G.), 

Stenothoe  monoculodes  (Montagu). — Upper  Loch  Fyue,  west  and  east 
siies  and  centre,  in  10  to  70  fathoms  (M.). 

MetopUy  sp. — Upper  Loch  Fyne,  between  Lowburn  and  Duuderave 
(G.). 
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Oressa  duhia  (Spence  Bate). — ^Tarbert  Bank,  Loch  Fyne,  dredged  (G.). 

Leucothoe  spinicarpa  (Abildgaard). — Taken  in  Loch  Fyne,  in  92 
fathoms  (R.).  In  the  branchial  chamber  of  large  Ascidians  {Ascidia 
menttda)  collected  at  low  water  in  East  Loch  Tarbert ;  also  in  Ascidians 
dredged  on  Tarbert  Bank,  Loch  Fyne  (G.). 

♦  Leucothoe  Ltlljeborgii,  Boeck. — Loch  Gair,  and  between  Lowburn  and 
Dimderave,  Upper  Loch  Fyne  (G.). 

Manocidodes  carkiatus^  Spence  Bate. — East  Loch  "Tarbert  (Mihi). 
Upper  Loch  Fyne  (M.). 

Monoculodea  Packard^  Boeck. — Upper  Loch  Fyne,  between  Lowburn 
and  Dunderave  in  the  bottom  tow-net  (G.). 

Perioctdodes  longimanus  (Spence  Bate). — Upper  Loch  Fyne,  between 
Lowburn  and  Dunderave  (G.). 

Pontocrates  altamannus  (Spence  Bate). — Upper  Loch  Fyne  (M.). 

Synchelidium  bremcarpum  (Spence  Bate). — Upper  Loch  Fyne  (M.). 
Tarbert  Bank,  Lower  Loch  Fyne  (G.). 

Hcdimedon  varvimanus  (Spence  Bate  t). — Upper  Loch  Fyne,  west  and 
east  sides  and  centre,  in  10  to  70  fathoms  (M.).  Near  Largabruach, 
dredged,  and  between  Lowburn  and  Dunderave,  in  the  bottom  tow-net 
(G.).  This  species,  which  is  the  (Ediceros  parvimamis  of  Spence  Bate,  is 
not  uncommon  in  Loch  Fyne. 

JEpimeria  comigera  (Fabricius). — Uppet  Loch  Fyne,  at  Minard,  in  11 
to  25  fathoms  (M.). 

Iphimedia  oheaa^  Rathke. — Upper  Loch  Fyne,  on  both  the  west  and 
east  sides  and  in  the  centre,  in  10  to  70  fathoms  (M.).  Near  Larga- 
bruach, dredged  ;  and  in  the  vicinity  of  Camdow,  near  the  head  of  the 
loch  (G.). 

Iphimedia  minutay  G.  O.  Sars. — Upper  Loch  Fyne,  between  Lowburn 
and  Dunderave,  in  the  bottom  tow-net ;  also  taken  with  the  dredge  at 
Tarbert  Bank,  Lower  Loch  Fyne,  in  20  to  25  fathoms  (G.). 

JEusirvs  longipeSy  Boeck. — Upper  Loch  Fyne,  at  Minard,  and  on  the 
west  side,  in  10  to  25  fathoms  (M.).  Between  Lowburn  and  Dunderave, 
in  the  bottom  tow-net  (G.). 

Apherusa  hiapinoaa  (Spence  Bate). — Upper  Loch  Fyne,  at  Minard, 
west  and  east  sides  and  centre,  in  10  to  70  fathoms  (M.).  Loch  Gtair 
and  near  Largabruach  (G.). 

*  I  hftve  a  LeucoihM  from  East  Loch  Tarbert  (Loch  Fyne)  that  differs  from 
L.  Lilljehorgii  in  having  the  penultimate  as  well  as  the  last  pair  of  epimerekl  plates 
strongly  toothed  at  the  lateral  comers—the  last  pair  having  the  corner  tooth  defined 
above  by  a  sinus  as  in  L.  Lilljehorgii  ;  the  palm  of  the  second  gnathopode  of  this 
Tarbert  specimen  differs  also  in  its  general  outline.  This  is  probably  the  form 
described  by  Dr  Robertson  as  LeucothoS  ineisa  (see  Dr  Robertson's  Amphipoda  of 
^(7/yd«,  Partii,  p.  23. 

t  See  *The  AmphipodaofBatrt  au'l  Wo^twoxl'a  "British  Sessile-eyed  Crustacea,"* 
by  A.  0.  Walker  {Ann,  and  Mag,  Nat.  Hist,,  Sixth  Series,  vol.  xv,  p.  466,  1S95}. 
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Paratylus  Swammerdami  (Milne  Edwards). — East  Loch  Tarbert 
(Mihi). 

Paraiylus  vedlomensis  (Spence  Bate) — Upper  Loch  Fyne,  in  the 
middle  of  the  loch,  in  36  to  70  fathoms  (M.). 

Dexamine  spinosa  (Montagu). — Upper  Loch  Fyne,  west  and  east  sides 
and  centre,  in  10  to  70  fathoms  (M.).     Off  Largabruach,  dredged  (G.). 

Dexamine  Thea,  Boeck. — Upper  Loch  Fyne  (M.).  A  small  species, 
and  easily  overlooked. 

AmathtUa  homari  (Fabricius). — East  Loch  Tarbert,  at  extreme  low 
water.     This  was  one  of  the  largest  specimens  I  have  seen  (Mihi). 

Gammarvs  marinus,  Leach. — East  Loch  Tarbert  (Mihi). 

*■ 
Oammarus  locusta  (Linu^). — Upper  Loch  Fyne,  at  Minard,  in  11  to 
25  fathoms  (M.).     Off  Inveraray  (G.).     East  Loch  Tarbert  (Mihi). 

Mdita  obtusata  (Montagu). —  Upper  Loch  Fyne,  west  side,  in  10  to  25 
fathoms  (M.).  Off  Inveraray,  and  near  Camdow  at  the  head  of  the  loch 
(G.). 

Mcera  Othanie  (Milne  Edwards). — Upper  Loch  Fyne,  at  Minard,  on 
the  west  and  east  sides  and  in  the  centre,  in  10  to  70  fathoms  (M.). 
Loch  Fyne  in  90  fathoms  [Robertson,  as  Mcera  longimana  (Tliompson)j. 
Tarbert  Bank,  Loch  Fyne,  dredged  (G.).  Mcera  longimana  (Thompson) 
is  considered  to  be  the  male  of  M.  Othonis,  but  Spence  Bate's  figure  of 
the  hand  of  the  second  gnathopods  of  Mcera  (MegamceraJ  longimana  is 
quite  different  from  that  of  Sars'  figure  of  the  hand  of  the  same  guatho-. 
pods  of  the  male  of  Mcera  Othonis. 

CheirocrcUes  Sundewalli  (Rathke). — Upper  Loch  Fyne,  at  Minard 
Narrows  and  in  the  centre  of  the  loch,  in  11  to  70  fathoms  (M.).  Dredged 
near  Largabruach,  and  also  at  Tarbert  Bank  (G). 

Gheirocrates  interTnedivs,  G.  0.  Sars. — Dredged  in  Loch  Gair  in  Upper 
Loch  Fyne,  rare  (G).     East  Loch  Tarbert,  1886  (Mihi). 

Cheirocrates  assimUis  (Lilljeborg). — Lower  Loch  Fyne,  in  104  fathoms 
(Robertson).     Tarbert  Bank,  in  20  to  25  fathoms  (G.). 

Microdeutopm  atiomcUus  (Rathke). — Upper  Loch  Fyne,  on  the  east 
side,  in  15  to  30  fathoms  (M.).     East  Loch  Tarbert  (Mihi). 

Microdeutopus  danm^oniensis  (Spence  Bate). — Upper  Loch  Fyne,  at 
Minard,  on  the  east  side  and  in  the  centre,  in  11  to  70  fathoms  (M.). 
According  to  Sars  this  is  the  Microdeutopus  g^njllotcUpa  of  Spence  Bate, 
but  not  of  Costa. 

Aora  gracilis  (Spence  Bate).— Loch  GUiir,  Upper  Loch  Fyne,  dredged  ; 
not  common  (G.). 

Leptocfieirus  pUosvs,  Zaddach. — Tarbert  Bank,  Lower  Loch  Fyne,  in 
20  to  25  fathoms  (G.).  The  anteunal  appendages  are  two-jointed  iu  these 
Tarbert  Bank  specimens. 
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Grammaropsis  erythrophtfialma,  Lilljeborg. — Upper  Loch  Fyne,  at 
Miuard,  on  the  east  side  and  in  the  centre,  iu  11  to  70  fathoms  (M.). 

Podoceropsis  Sophim,  Boeck. — Upper  Loch  Fyne,  at  Minard,  west  and 
east  sides,  iu  10  to  30  fathoms  (M.). 

Podoceropsis  excavata  (Spence  Bate). — ^Upper  Loch  Fyne  (M.). 

Amphithoe  rubricaia  (Montagu). — Upper  Loch  Fyne  (M.).  East 
Loch  Tarbert  (Mihi). 

Pleonexes  gammarodes^  Spence  Bate. — East  Loch  Tarbert^  at  low- 
water,  and  dredged  (Mihi). 

Podocerus  pusUltts^  G.  0.  Sars. — Tarbert  Bank,  Loch  Fyne,  dredged 
(G.). 

EricJdJionitis  ahditus  (Templeton). — Upper  Loch  Fyne,  on  the  east 
side,  in  15  to  30  fathoms  (M.).  East  Loch  Tarbert,  both  ^  and  $  (Mihi). 
Loch  Gair  (G.). 

Corophium  Bondli%  Milne  Edwards. — Off  Inveraray,  Loch  Fyne,  also 
near  Carndow,  and  in  Loch  Gair  (G.). 

Corophium  crassicome^  Bruzelius.  —East  Ijoch  Tarbert  (Mihi). 

DtUichia  fodcata  (Spence  Bate). — Tarbert  Bank,  Lower  Loch  Fyne 
(G.). 

Caprbllidba. 

Phtisica  marina,  Slabber. — Upper  Loch  Fyne  (M.).  Between  Low- 
burn  and  Dunderave,  aud  off  Ardno  (G.).  East  Loch  Tarbert  (Mihi). 
Tarbert  Bank,  in  20  to  25  fathoms  (G.). 

Pariambus  typicus  (Kroyer). — East  Loch  Tarbert,  on  the  common  star- 
fish (Asterias  rubens)  (Mihi). 

Caprella  linearis  (Linn^). — East  Loch  Tarbert,  amongst  Zostera  (Mihi). 

Caprdla  acanthi/era,  Leach. — East  Loch  Tarbert,  amongst  Zostera 
(Mihi). 

PHYLLOCARIDA  (PHYLLOPODA). 

Nebalia  bipes,  Milne  Edwards. — Upper  Loch  Fyne,  off  Inveraray,  and 
off  Largabruuch  (G.).     East  Loch  Tarbert  (Mihi). 


CLADOCERA. 

Evadne  Nordmanni,  Lov^n. — ^Upper  Loch  Fyne,  between  Camdow  and 
Dunderave,  off  Inveraray  and  off  Fornace  (G.).  A  generally  distributed 
species,  but  sometimes  it  may  occur  in  abundance ;  at  other  times  it  may 
be  very  scarce. 
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Podon  polyphemoidesy  Leuckart.  — Near  the  head  of  Loch  Fy  ae  ;  this 
species  was  found  in  considerable  abundance  about  12  inches  or  so  below 
the  surface  of  the  water. 

(?)  Podon  intermedius^  Lilljeborg. — Upper  Loch  Fyne. 
OSTRACODA. 

PODOCOPA. 

Paraq/pris  politOy  G.  0.  Sars, — Loch  Fyne,  off  Tarbert,  rare  (Norman). 

Pontocypris  mytiloideSy  Norman. — East  Loch  Tarbert ;  not  uncommon 
(B.  &  S.). 

Pantoq/prts  irigonella,  G.  0.  Sars, — East  Loch  Tarbert  (B.  &  S.). 
Loch  Gair,  and  off  Inveraray ;  not  uncommon  (G.). 

ArgiUcRcia  cylindrical  G.  0.  Sars. — Off  Tarbert,  Loch  Fyne,  in  25 
fathoms  (Norman). 

Bairdia  complanaiay  G.  S.  Brady.^ — Locfa  Fy»e  (Norman). 

Cythere  lutea^  Muller. — East  Loch  Tarbert  (B.  &  S.).  A  moderately 
common  species,  especially  in  shallow  water. 

Cythere  confusOy  Brady  and  Norman. — East  Loch  Tarbert  (B.  <fc  S.). 
Loch  G«ir,  Upper  Loch  Fyne  (G.).  Grenerally  distributed  throughout 
the  district. 

Cythere  porceUanea^  G.  S.  Brady. — Off  Inveraray,  Upper  Loch  Fyne 
(G.). 

Cytliere  (?)  semiptmctata,  G.  S.  Brady. — Off  Tarbert,  Loch  Fyne 
(Norman).     Loch  Fyne  (Mihi). 

Cythere  crispafa,  G.  S.  Brady.— East  Loch  Tarbert  (R  <fe  S.). 

Cythere  gibbosa  (Brady  and  Robertson). — Loch  Gilp  (Loch  Fyne) 
(Brady  and  Robertson). 

Cythere  albo-mactUata,  Baird« — East  Loch  Tarbert  (B.  &  S.).  Gener- 
ally distributed. 

Cythere  Robertsoni,  G.  S.  Brady. — Loch  Fyne,  off  East  Loch  Tarbert 
(Mihi).    N<>t  very  uncommon. 

Cythere  convexa,  Baird. — East  Loch  Tarbert  (B.  <k  S.).  A  moderately 
common  species. 

Cythere  marginata,  Norman. — Off  Tarbert,  Loch  Fyne,  in  25  fathoms 
(A.  M.  Norman). 

Cytliere  duthce,  Brady,  Crosskey,  and  Robertson. — Jjoch  Fyne,  in  20 
fathoms  (Mihi — see  Monograph  of  the  Marine  and  Fresh-  Water  Ostror 
coda  of  the  North  Atlantic  and  NorthrWestem  Europe^  Part  L  p.  145). 
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Cythere  vtUosa  (G.  0.  Sars). — Off  Inveraray  (G.).  East  Loch  Tarbert 
(B.  &  S.).     Common  and  generally  distributed. 

Cythere  tuberculata  (G.  O.  Sars). — East  Loch  Tarbert  (B.  &.  S.). 

Cythere  concinna,  Rupert  Jones. — Dredged  in  Loch  Fyne  (Brady  and 
Robertson).     East  Loch  Tarbert  (B.  &  S.). 

CytJiere  angulata  (G.  O.  Sars). — Off  Tarbert  Loch  Fyne  (A.  M.  Nor- 
man).   East  Loch  Tarbert  (B.  &  S.). 

Cythere  antiquata  (Baird). — East  Loch  Tarbert  (B.  &  S.). 

CytJiere  Jonesti  (Baird\ — Loch  Fyne,  off  Tarbert,  in  25  fathoms,  and  off 
Skipness  in  41  fathoms  (A.  M.  Norman).     Loch  Fyne  (B.  &  S.). 

Cytheridea  papulosa,  Bosquet. — Loch  Fyne  (B.  &  S.).  More  or  less 
generally  distributed. 

CytHeridea  punctUlatay  Brady. — Loch  Fyne,  off  Inveraray,  off  Tarbert, 
and  off  Skipness  (A.  M.  Norman).  Loch  Fyne  (B.  &  S.).  Upper  Loch 
Fyne  (G.). 

Cytheridea  (f)  subflavescensy  G.  S.  Brady. — Loch  Fyne,  in  40  fathoms ; 
off  Skipness,  off  Tarbert,  in  25  fathoms  (A.  M.  Norman).  Loch  Fyne 
(G.  S.  Brady  and  D.  Robertson). 

Etbcy there  didivis  {1^ oim&n)  ^  EiicytJiere  argus  (G.  O.  Sars). — Loch 
Fyne  (B.  &  S.).     A  moderately  common  species. 

Krithe  hartonerms  (Jones). — Loch  Fyne,  off  Inveraray  and  off  Tarbert, 
in  25  fathoms  (A.  M.  Norman).  Off  Inveraray,  and  between  Csimdow 
and  Ardno,  north  side  of  the  loch  (G.). 

Loxoconcha  impressa  (Baird). — East  Loch  Tarbert  (B.  &  S.).  Loch 
Gair  and  off  Largabruach  (G.).     A  moderately  common  species. 

Loxoconcha  gvMata  (Norman). — ^Loch  Fyne,  at  Inveraray,  and  off 
Skipness  (A.  M.  Normwi). 

Loxoconcha  mvltifora  (Norman). — East  Loch  Tarbert  (B.  &  S.).  Loch 
Fyne,  as  Cythere  mvltifora  (A.  M.  Norman). 

Loxoconcha  tamarindvs  (Jones). — Eaat  Loch  Tarbert  (B.  &  S.). 
Moderately  common  everywhere. 

Xeetoleberis  q,urantia  (Baird). — East  Loch  Tarbert  (B.  &  S.).  Not 
very  rare  in  Loch  Fyne. 

Xeetoleberis  depressa  (G.  0.  Sars). — Loch  Fyne  (Mihi).  Loch  Gair 
and  off  Inveraray  (G.). 

Cytherurc^  gihha  (Miiller).— East  Loch  Tarbert  (B.  &  S.). 

Cytherura  comuta  (G.  S.  Brady).— East  Loch  Tarbert  (B.  &  S.).  Off 
Inveraray,  Upper  Loch  Fyne  (A.  M.  Norman).  Loch  Fyne  (G.  S. 
Brady  and  D.  Robertson). 
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Cytherura  sella,  G.  O.  Sars.—  East  Loch  Tarbert,  as  Cy,  flavescens 
(B.  &  S.).     A  moderately  commou  species  throughout  the  district. 

Cytherura  acuticoefaia,  G.  O.  Sars. — Loch  Fyne  (A,  M.  Norman). 

Cytherura  striata,  G.  O.  Sara.— East  Loch  Tarbert  (B.  &  S.).  A  com- 
mon and  generally  distributed  species. 

Cytherura  angulaia  (G.  S.  Brady).— East  Loch  Tarbert  (B.  &  S.). 

Cytherura  undata,  G.  0.  Sars.— East  Loch  Tarbert  (B.  &  S.)-  This 
is  a  small  species  and  easily  overlooked. 

Cytherura  producta,  G.  0.  Brady. — Loch  Fyne,  off  Tarbert,  in  25 
fathoms  (A.  M.  Norman). 

Cytherura  nigrescens  (Baird). — East  Lech  Tarbert  (B.  &  S.).  There 
is  scarcely  a  haul  made  inshore  with  the  dredge  in  which  this  species  does 
not  occur. 

Cytherura  eimtlis,  G.  0.  Sars. — Loch  Fyne,  oflf  Skipness  (A.  M.  Nor- 
man).    Generally  distributed  throughout  the  Clyde  area. 

Cytherura  cdlvlosa,  Norman. — East  Loch  Tarbert  (B.  &  S.).  This  is 
a  very  small  species  and  easily  overlooked. 

Cytheropteron  laiimmum  (Norman). — East  Loch  Tarbert  (B.  &  S.). 
Loch  Fyne  (A.  M.  Norman). 

Cytheropteron  nodosum,  G.  S.  Brady. — ^East  Loch  Tarbert  (B.  &  S.). 
Loch  Fyne,  off  Tarbert  (A.  M.  Norman). 

Cytheropteron  inflatum,  Brady,  Crosskey,  and  Robertson. — Loch  Fyne 
(A.  M.  Norman).  This  is  the  only  British  record  for  Cytheropterq^i  infla- 
tum as  a  recent  species. 

Cytheropteron  punctatum,  G.  S.  Brady. — Loch  Fyne,  off  Tarbert,  in 
25  fathoms  (A.  M.  Norman).     East  Loch  Tarbert  (Mihi). 

Cytheropteron  alatum,  G.  0.  Sars. — Loch  Fyne,  off  Tarbert,  in  25 
fathoms  (A.  M.  Norman).  East  Loch  Tarbert,  as  Cytheropteron  arcua- 
tum  (B.  &  S.). 

Cytheropteron  angtdatum,  Brady  and  Robertson. — East  Coast  Tarbert 
(B.  &  S.).     Loch  Fyne,  oflf  Tarbert,  in  25  fathoms  (A.  M.  Norman). 

Cytheropteron  humile,  Brady  and  Norman. — Oflf  Inveraray,  Upper 
Loch  Fyne  (G.).  Hitherto  this  Ostracod  has  almost  invariably  been 
obtained  from  pieces  of  partially  decayed  wood  brought  up  in  the  dredge 
or  trawl — wood  that  has  been  more  or  less  perforated  by  borbg  Mollusks 
or  Crustacea.  In  such  situations  I  have  usually  found  this  Ostracod 
associated  with  the  Copepod  Laophonte  simulans,  T.  Scott. 

Bythocythere  constrida,  G  0.  Sars. — Loch  Fyne  (G.  S.  Brady  and 
D.  Robertson). 

Bythocythere  turgida,  G.  0.  Sars. — ^Furlong  Bay,  Loch  Fyne  (B.  &  S.). 
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Byihocythere  simplex  (Norman). — East  Loch  Tarbert  (B.  &  S.).     This 
is  a  moderately  common  species  in  Loch  Fyne  and  in  the  Clyde  generally. 

Fseudocythere  cavdata^  G.  0.  Sars. — Loch  Fyne  (B.  &  S.).     This 
Ostracod  is  not  very  rare,  but  is  easily  overlooked. 

SderochUus  contortus  (Norman). — Loch  Fyne  (R  <fe  S.).     A  moder- 
ately common  and  widely  distributed  species. 

Faradoxostoma  variable  (Baird). —  East  Loch   Tarbert,   Loch  Fyne 
(B.  &  8.).     A  common  and  generally  distributed  species. 

Paradoxostoma  pTdchellum,   G.    0.   Sars. — Furlong  Bay,  Loch  Fyne 
(B.  &  S.). 

Faradoxostoma  Hodgei,  G.  S.  Brady. —Off  Tarbert,  Loch  Fyne,  in  25 
fathoms  (A.  M.  Norman). 

Faradoxostoma  fleoeuosumy  G.  S.  Brady. — Loch  Fyne,  off  Inveraray,  in 
25  to  40  fathoms,  and  also  off  Skipness  (A.  M.  Norman). 

Faradoxostoma  affine,  T.  Scott. — Off  Inveraray,  Upper  Loch  Fyne,  in 
25  to  40  fathoms  (A.  M.  Norman). 

Mackoerina  tenuissima  (Norman). — Loch  Fyne  as  Xiphichilus  tenuis- 
sima  (B.  &  S.). 

Myodooopa. 

Asterope  marice  (Baird).— East  Loch  Tarbert  (B.  &  S.).     Off  Tarbert, 
Loch  Fyne  (A.  M.  Norman).     Off  Largabruach,  Upper  Loch  Fyne  (G.). 

Asterope  teres  (Normaii). — East  Loch  Tarbert  (B.  &  S.).     This  species 
is  much  less  common  in  Loch  Fyne  than  the  previous  one. 

Fhilomedes  interpuncta  (Baird).— East  Loch  Tarbert  (B.  &  S.).     Off 
Largabruach,  Upper  Loch  Fyne  (G.). 

Cladocopa. 

Folycope  orbicularis,  G.  0.  Sars. — East  Loch  Tarbert  (B.  &  S.).  Loch 
Fyne  (Brady  and  Norman). 

Folycope  punctata,  G.  O,  Sars. — Some  specimens  dredged  in  Loch  Fyne 
are  doubtfully  referable  to  this  species  (Brady  and  Norman). 

The  Copkpoda  of  Loch  Ftnb. 

In  the  preparation  of  this  list,  The  Monograph  of  the  British  Copepoda, 
by  Prof.  G.  S.  Brady ;  TJie  Copepoda  of  the  Bay  of  Naples,  by  Dr  Gies- 
brecht;  Dr  Canu's  Monograph  Les  Copepodes  de  Boulonnais,  besides 
many  separate  papers,  have  been  consulted. 

Gnathostokata. 

Ckdans  finmarchtcus  (Gunner). — ^Very  abundant  in  Upper  Loch  Fyne 
in  deep  water,  where  they  are  found  all  the  year  through  ;  less  abundant 
towards  the  lower  end  of  the  loch. 
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Pseudocalantts  elangcUus,  Boeck. — Generally  distributed,  and  more  or 
leas  frequent  dll  over  the  loch.  Tte  following  art  a  few  of  the  locdities 
where  the  species  has  been  obtained :  In  surface  and  bottom  tow-nets  at 
the  head  of  Loch  Fyne,  off  Inveraray  in  a  tow-net  at  3  fathoms  from 
the  surface;  in  surface  and  bottom  tow-nets,  between  Loch  &ait  and 
Largjrmore ;  and  in  surface  tow-net  between  Tarbert  and  Avidh  Island 
(G.). 

(?)  PseudocaUmus  armaiuSy  Boeck. — In  bottom  tow-net  gatherings  from 
the  vicinity  of  Largymore  and  Furnace,  and  between  Lowbum  and  Dun- 
derave  Castle  (G.). 

StepJios  gyrans  (Giesbrecht).— (PL  II.  fig.  9;  PI.  III.  figs.  17,  18). 
A  single  specimen — a  female — of  this  interesting  species  was  obtained  in 
some  dredged  material  from  Loch  Gair,  Upper  Loch  Fyne.  A  careful 
comparison  of  the  various  appendages  of  this  Loch  Gair  specimen  with 
Dr  Giesbrecht's  description  and  figures,  leaves  no  doubt  as  to  its  identity 
with  the  specimens  obtained  at  Naples.  Dr  Giesbrecht  discovered  his 
specimens  in  the  tanks  of  the  Zoological  Station  at  Naples^  The  species 
appears  to  be  quite  distinct  from  StepJws  minor  (T.  Scott)  from  the  Firth 
of  Forth.  The  Loch  Gair  specimen  measures  '8  mm.  in  length  (about 
^th  of  an  inch). 

EuchcBta  noroegica,  Boeck. — Common  in  the  deep  water  of  Upper 
Loch  Fyne,  and  also  obtained  occasionally  at  the  surface  (G.).  Upper 
Loch  Fyne  in  60  to  70  fathoms ;  taken  at  all  seasons  of  the  year  in  great 
abundance  in  Upper  Loch  Fyne,  at  ft'oih  5  to  15  fathoms  above  the  mud 
in  the  deepest  water.  The  females  seem  to  carry  a  succession  of  ova, 
which  are  of  a  bluish  colour,  all  througk  the  year  (it.). 

Scolocithrix  hibemicOy  A.  Scott.* — Taken  in  9  bottom  tow-het  gathering 
between  Carndow  and  Dunderave  Castle,  and  between  Loch  Gair  and 
Minard  Castle  (G.).  This  species  was  first  obtained  in  deep  water  off 
the  coast  of  county  Down,  Ireland,  by  my  son,  Mr  Ahdtew  Scott. 

Centropages  typicus,  Kroyer. — East  Loch  Tarbert  and  neighbouring 
parts  of  Loch  Fyne  (Calderwood). 

CerUropages  hamatua  (Lilljeborg). — East  Loch  Tarbert  and  Loch  Fyne 
(Calderwood).  Off  Inveraray,  between  Camdow  and  Dunderave  Castle, 
and  in  Loch  Gair  (G.).  This  species  is  moderately  common  all  over  the 
district  \  Loch  Fyne  (M.). 

Temora  longicomts  (Miiller). — This  also  is  a  moderately  common  and 
widely  distributed  species.  It  has  been  obtained  off  Gamdow,  off  Inver- 
aray, off  Minard,  and  in  Loch  Gait  (G.).  In  East  Loch  Tarbert  and  Loch 
Fyne  (Calderwood). 

Metridia  hibemica  (Brady  and  Robertson). — Ea«t  Loch  Tarbert  and 
Loch  Fyne  (Calderwood).  Off  Largabriiach,  Upper  Loch  Fyne  (G.).  Dr 
W.  Giesbrecht  gives  the  following  synonymy  for  this  species,  t 

♦  Ann.  and  Hag.  Nai.  Hist.^  Nov.  1896,  p.  362.  Pis.  XVII.  and  XVIII. 
t  Fdagisehen  Oopepodm  des  Ool/es  wm  Mapel,  p.  340. 
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MeMdia  hibemica  (Brady  aftd  Robertidn). 

1873  Parocdlanus  Mbemicm,  Brady  and  Roteftsoh  {Afin.  diid 
Mag,  Nat.  Hut,  S.  4,  vol.  xii.  p.  126,  PI.  VIII.  figs. 
1-3). 

1878  MeMdia  armatd,  Btedy  {Man.  Brit,  Copep,,  Vol  I  p.  42). 
(tiot  Metridia  arrnaia,  Boeck.) 

1867  fPleuromma  amudum^Vouchet  and  de  Ouetne  {Compi, 
Rend.  Acad.  Paris,  T.  104,  pp.  712-715). 

Anomalocera  Pdtersoniiy  "templetou. — East  Loch  Tarbert  and  Loch 
Fyne  (Calderwood).  This  cdpepod  is  at  times  moderately  conimon  ih 
Lower  Loot  t'yne. 

ParaponteUa  brevicamis  (Lufcbock).  Easfc  Loch  Tarbert  and  iLocb 
Fyne  (Calderwood). 

Acartia  Ctausii,  Giesbrecht. — Head  of  Loch  Fyne,  between  Carndow 
and  Ardno.  Off  Inveraray,  and  in  the  vicinity  of  Minard  (G.).  tipper 
Loch  Fyne,  in  30  to  70  fathoms,  as  Diaa  longiremis  (M.).  ^  East  Loch 
Tarbert  as  Dias  longiremis  (Calderwood).  I  have  examined  speci- 
mens of  Acartia  from  various  parts  of  Upper  and  Lower  Loch  Fyne,  and 
A,  Clausii  is  the  only  species  that  has  yet  been  observed  in  this  part  of 
the  Clyde  area. 

Pnramisophriay  nov.  gen. — Somewhat  like  Misophria  in  general  ap- 
pearance. Antennules  short,  and  composed  of  about  twenty-one  joints. 
Antennae,  with  the  primary  branch  short,  three-jointed^  secondary 
branches  longer  than  the  primary,  and  two-jointed  ;  mouth  organs  as  in 
the  CalanidcB,  Swimming  feet  nearly  as  in  Pseudocydops ;  both  branches 
three-jointed.  Each  part  of  the  fifth  pair  consists  of  a  more  or  less  simple 
two-jointed  branch. 

This  s^enus,  though  apparently  a  true  member  of  the  family  Misoph- 
riadcBy  differs  from  the  two  genera  Misophria  and  Pseudocydops,  most 
closely  alli^  to  it,  in  the  sttucture  of  the  antennae  and  of  the  fifth  pair  of 
thorticic  feet. 

Paramisophria  dtUhce,  nov.  spec.  (PI.  II.,  figs.  3-8;  PL  III.,  figs.  13- 
16).  Description  of  the  female — ^length,  1*4  mtn*  (^V^h  of  an  inch). 
Body,  robust;  abdomen,  short;  only  about  one-fourth  of  the  length  of 
the  cephalothorax  (fig.  13,  PI.  III.).  Antennules  short;  twenty-one 
jointed ;  joints  very  short  (fig.  14,  PI.  III.).  The  fotmula  shows  lippiMxi- 
mately  the  proportionate  lengths  of  all  the  joints : — 

14'5'42'2'2'2-2-2'2'2-2-8   •4'4'6-8   '9   '6    -e'll. 
l-a-8-4-6-0-7-8-9-10    11  •  12  •  18  •  14  '  15  •  Id  *  17  '  18  •  19  •  20  '  21  . 

Antennae  short,  three-jointed,  end  joint  small ;  secondary  branches  con- 
siderably longer  than  the  primary  branches,  and  composed  of  two 
elongate  sub-equal  joints  (fig.  3,  PI.  III.).  Anterior  foot-jaws  four-jointed, 
stout,  the  second  and  last  joints  short ;  the  first  and  second  joints,  with 
a  few  small  papilliform  and  setifetous  appendages  on  the  inner  aspect  \  the 
end  joint  is  furnished  with  a  number  of  lobg  plumose  setae  (fig.  4,  PI.  II.). 
Posterior  foot-jaws  elongate,  moderately  stout,  (?)  seven-jointed,  first  two 
joints  large  and  sub-equal,  the  third,  fifth,  abd  sixth  small,  and  of  nearly 
e(|ual  length,  fourth  joint  about  one  and  a  half  times  the  length  of  the 
preceding  joint,  the  (?)  seventh  is  very  minute ;  the  three  la^  are  strongly 
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setiferous  (fig.  5,  PL  II.).  Swimming  feet  £ure  somewhat  like  those  of 
Pseudocydaps,  both  biunches  are  three-jointed  and  furnished  with 
numerous  plumose  setsB  on  the  inner  margins ;  in  the  first  pair  the  mar- 
ginal spines  are  slender  (fig.  6,  PI.  II.).  In  the  fourth  pair  the  spines  are 
short,  stout,  and  sabre-liko  (fig.  7,  PI.  II.).  The  fifth  pair  consists  each  of  a 
single  two-jointed  branch,  the  first  joint  is  short,  but  produced  interiorly 
at  the  distal  end  into  a  cylindrical  process  about  as  long,  and  half  as  broad 
as  the  joint  itself,  and  provided  at  the  apex  with  a  small  spine  and  an 
elongate  plumose  seta ;  second  joint  sub-cylindrical,  and  fully  three  times 
the  length  of  the  first  joint,  and  armed  with  five  stout  spines,  arranged 
along  the  outer  margin  and  apex  (fig.  8,  PI.  II.).  Abdomen  composed  of 
four  segments,  the  last  two  being  together  scarcely  equal  in  length  to  the 
preceding  segment ;  caudal  stylets  rather  longer  than  the  entire  length  of 
the  last  two  abdominal  segments  (fig.  16,  PI.  III.).  Male  unknown, 
HabitcU — Off  Largabruach,  Upper  Loch  Fyne ;  dredged. 

Misophria  pallida^  Boeck. — Dredged  near  Largabruach,  Upper  Loch 
Fyne  (G.). 

Thordlia  brunnea,  Boeck. — Head  of  Loch  Fyne  between  Carndow  and 
Ardno ;  off  Largabruach  and  Loch  Gair,  Upper  Loch  Fyne  (G.).  This  is 
not  an  uncommon  copepod  in  the  Clyde  in  dredged  material. 

Cyclopina  UttoraliSy  G.  S.  Brady. — In  the  vicinity  of  Carndow,  near 
the  head  of  Upper  Loch  Fyne ;  and  also  near  Largabruach ;  in 
dredged  material  (G.). 

Cyclopina  gracUis^  Claus. — This  species  has  been  obtained  in  Loch 
Gair ;  and  also  off  Inveraray,  Upper  Loch  Fyne  (G.). 

Oithona  (?)  nmUia^  Claus. — East  Loch  Tarbert  and  Loch  Fyne  (Calder- 
wood).  Off  Inveraray  ;  and  between  Carndow  and  Ardno  (G.).  Upper 
Loch  Fyne,  in  30  to  70  fathoms  (M.). 

Notoddphys  Allmaniy  Thorell. — East  Loch  Tarbert,  and  Tarbert  Bank, 
Loch  Fyne,  in  20  to  25  fathoms ;  in  branchial  chamber  of  large  Asci- 
diaus  (Mihi). 

Notoddphys  agiliSy  Thorell. — Also  fonnd  in  the  branchial  chamber  of 
large  Ascidians  collected  at  extreme  low-water  in  East  Loch  Tarbert. 

Notoddphys  prasina^  Thorell. — With  the  others  in  the  -branchial 
chamber  of  large  Ascidians  (Mihi).  This  species  has  short  caudal 
stylets. 

Doropygvs  porcicauda,  Brady. — A  copepod,  belonging  apparently  to 
this  sgecies,  was  obtained  in  the  branchial  chamber  of  Ascidians  from 
East  Loch  Tarbert,  and  also  from  Largabruach,  Upper  Loch  Fyne  (G.). 
Though  slightly  imperfect,  the  Largabruach  specimen  resembles  this,  and 
no  other  described  British  species. 

Botachus  cylindratu9y  Thorell. — Obtained  in  the  branchial  cJiamber  of 
Ascidians  collected  in  East  Loch  Tarbert. 

Notopterophorus  papilioy  Hesse. — This  curious  copepod  was  of  frequent 
occurrence  in  the  bran  hial  chamber  of  large  A<*cidians  from  Eant  Loch 
Tarbert  (Mihi). 
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Ascidicda  rosea,  Thorell. — Upper  Loch  Fyne,  between  Carndow  and 
Arduo  ;  from  an  Ascidian  brought  up  in  the  trawl-net  (G.). 

Longipedia  coronata,  Glaus. — Loch  Gair,  and  off  Largabrnach,  Upper 
Loch  Fyne ;  in  dredged  material  (G.). 

Longipedia  minor,  T.  and  A.  Scott. — In  material  dredged  off  Larga- 
brnach, Upper  Loch  Fyne  (G.).  This  is  not  much  more  than  half  the 
size  of  the  other ;  both  forms  were  obtained  off  Largabrnach,  and  speci- 
mens of  both  carried  ova. 

Ectinosoma  Sarsi,  Boeck  {E.  spinipes,  Brady). — In  material  dredged 
off  Largabruach,  Upper  Loch-Fyne  (G.). 

Edinosoma  mdanieepSy  Brady. — Head  of  Upper  Loch  Fyne,  between 
Carndow  and  Ardno,  and  off  Inveraray  (G.). 

Edinoeoma  atlantieum,  Brady  and  Robertson.— Upper  Loch  Fyne,  in 
30  to  64  fathoms  (M.).  Common  in  a  tow-net  gathering  from  Upper 
Loch  Fyne.     Collected  by  the  late  Mr  Brook. 

Edinosoma  curticome,  Boeck. — Dredged  off  Largabrnach,  Upper  Loch 
Fyne ;  rare  (G.). 

Edinosoma  Herdmani,  T.  &  A.  Scott. — ^Dredged  off  Largabrnach  and 
in  Loch  Gair,  Upptr  Loch  Fyne  (G.). 

Edinosoma  pygmceum,  T.  &  A.  Scott. — Dredged  ar  Tarbert  Bank, 
Lower  Loch  Fyne,  in  20  to  25  fathoms  (G.). 

Brady  a  elegans,  T.  and  A.  Scott. — Loch  Gair,  and  near  Largabrnach, 
Upper  Loch  Fyne ;  dredged  (G.). 

Brady  a  simUis,  T.  and  A.  Scott. — Upper  Loch  Fyne,  near  Larga* 
bmach,  in  dredged  material  (G.). 

Zosima  typica,  Boeck. — In  dredged  material  from  Largabrnach,  Upper 
Loch  Fyne  (G.). 

Amymone  spJbcerica,  Clans. — East  Loch  Tarbert  and  Loch  Fyne  (Calder- 
wood). 

Stenhelia  hispida  G.  S.  Brady. — In  material  dredged  in  Loch  Gair 
and  near  Largabruach  (G.).  This  distinct  and  fine  species  was  not  very 
uncommon  in  the  Largabrnach  gathering.  In  the  spirit  specimens,  the 
last  abdominal  segment  and  caudal  stylets  were  usually  of  a  more  or  less 
dusky  hue. 

Stenhelia  ima  (G.  S.  Brady).— East  Loch  Tarbert,  Loch  Fyne  (Mihi)(t), 
off  Inveraray  (G.). 

Ameira  longiremis,  T.  Scott. — Dredged  in  Loch  Gair,  Upper  Loch 
Fyne  (G.). 

Ameira  longicaudata,  T.  Scott. — ^This  well  marked  species  was 
obtained  near  the  head  of  Upper  Loch  Fyne  (G.). 
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Janeetdla  spinulosa  (Bradj  and  Bobertson). — Kear  Largabruach, 
Upper  Loch  Fyne,  in  dredged  material  (G.).  Jonestdla  fustformis,  which 
in  some  localities  appears  to  be  a  more  common  species  than  the  one 
recorded  here,  has  not  yet  been  observed  in  any  of  the  coUectiona  made 
by  the  *  Garland '  in  the  Clyde. 

Delavalia  robusta  (Brady  and  Robertson). — Near  Largabruach,  Upper 
Locb  Fyne,  in  dredged  material ;  not  very  rare  (G.). 

Delavalia  mimica^  sp.  n.  (PI.  I.  figs.  1-9.). 

Description  of  the  Female, — Length,  '65  mm.  (^th  of  an  inch).  Body 
moderately  stout,  and  somewhat  like  Delavalia  refiexa  in  general  appear- 
ance. Antennules  eight-jointed,  the  penultimate  joint  is  smaller  than 
any  of  the  others,  while  the  last  is  rather  more  elongate  than  either  ai  the 
preceding  three  or  four  joints  (Qg.  2).  The  antennsB  and  mouth  organs 
are  somewhat  similar  to  those  of  D,  refiexa;  the  principal  seta  of  the  end 
joint  of  the  mandible-palp  is  moderately  stout  and  curved,  and  of  con- 
aiderable  length  (fig.  3).  The  inner  branches  of  the  first  pair  of  swim- 
ming feet  are  three-jointed,  the  tirst  joint  is  rather  longer  than  the  entire 
length  of  the  three-jointed  outer  branches,  but  the  second  and  third  are 
abort,  and  together  scarcely  equal  to  half  the  length  of  the  first  joint 
(fig.  5).  The  second,  third,  and  fourth  pairs  do  not  dilEep  much  from 
those  of  other  species  of  Delavalia  (fig.  6  shows  the  fourth  pair).  The  fifth 
pair,  which  have  a  general  resemblance  to  those  of  other  species  of  Dtta^ 
valiay  differ  in  the  following  points :  the  armature  of  the  basal  joint  con- 
sists of  three  moderately  short  and  rather  stout  spines,  situated  on  the 
apex  of  the  slightly  produced  inner  portion,  in  addition  to  two  spinifbrm 
setsB,  one  of  which  is  exterior  ami  the  other  interior  to  the  spines;  the 
innermost  of  the  three  spines,  which  is  also  the  largest,  bears  two  minute 
marginal  hairs  near  its  extremity — one  on  either  side.  The  secondary  joint 
is  lamelliform,  moderately  broad,  and  subcylindrical.  The  in^rgins,  which, 
in  the  middle  of  the  joint  are  somewhat  parallel,  converge  towards  both 
ends,  and  the  distal  end,  which  for  this  reason  assun^es  ^  tri^guUr  form, 
is  provided  with  five  set»  and  a  short  stout  spine ;  this  spine  is  situate  at 
the  beginning  of  the  exterior  distal  slope,  while  the  five  sets  are  arranged, 
two  on  each  sloping  distal  mtrgin,  and  one  at  the  apex,  ;^  shown  id  the 
drawing  (fig.  7). 

Peeeription  of  the  Male. — Tbe  m^le  diflfers  little  from  the  female  except 
in  the  form  and  armature  of  the  fifth  pair  of  feet.  The  basal  joint  of  the 
fifth  pair  bears  interiorly  a  single,  and  somewhat  peculiar,  stout,  and  mode- 
rately lai^ge  spine,  and  a  small  spiniform  seta;  the  secondary  joint  is 
small,  subovate,  and  armed  with  three  spines  on  the  oblique  distal  end  of 
the  exjterior  margin ;  there  is  also  a  seta  at  the  apex  and  another  on  the 
i^ner  margin,  as  shown  by  the  drawing  (fig.  8).  The  second  pair  in  the 
male  were  not  modified,  as  is  sometimes  the  case,  but  resembled  those  of 
the  female. 

Habitat, — Loch  Gair,  Upper  Loch  Fyne.  It  has  also  been  obtained  in 
other  parts  of  the  Clyde  district,  and  in  the  Firth  of  Forth  at  Granton. 

Remarks. — This  species  differs  very  markedly  from  any  other  DeJavaipa 
known  to  me  in  the  structure  of  the  first  pair  of  swimming  feet ;  this  pair 
are  not  very  unlike  those  of  some  species  of  Daetylapua  qt  Ameira ;  but 
as  the  structure  of  the  mandibles  and  of  i^kfi  filth  pair  of  feet  is  that  dI 
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a  true  Delavalia,  I  prefer  for  the  present  to  give  this  Loch  Gair  form  a 
place  in  the  genus  to  which  it  has  so  close  an  imftnity. 

Fontopolitea  iypicus,  T.  Scott. — In  dredged  material  from  Loch  Gair 
nd  from  near  Largabruach,  Upper  Loch  Fyne  (G.). 

Dioeaecua  tenutcomis  (Glaus). — East  Loch  Tarbert  (Mihi).  A  moder- 
ately large  and  well  marked  species. 

Laophonte  horrida,  (Norman). — East  Loch  Tarbert  and  Locji  Fyne 
(Calderwood).  Loch  Gair,  Largabruach,  and  near  the  head  of  Upper 
Loch  Fyne  (G.). 

Laophonte  tJioradca,  Boeck. — East  Loch  Tarbert  (Mihi).  If  e^  Larga- 
bruach and  off  Inveraray,  Upper  Loch  Fyne  (G.). 

Laophonte  hispida  (Brady  and  Robertson).  Loch  Gair,  and  near 
Largabruach  Upper  Loch  Fyne,  in  dredged  material  (G.). 

Laophonte  simtdans,  T.  Scott. — Off  Inveraray.  Several  specimens  from 
a  piece  of  partially  decayed  wood  brought  up  in  the  trawl-Aet  (G.).  This 
was  associated  with  Cytheropteron  humile  (B.  &  N.). 

Laophonte  similie  (Glaus). — Taken  in  East  Loch  Tarhert  and  in  Iioch 
Fyne  (Calderwood). 

Laophonte  lameUifera  (Glaus).— Also  taken  in  East  liOch  Tarbert  and 
Loch  Fyne  (Calderwood). 

Laophonte  serrata  (Claus). — East  Loch  Tarbert  (Mihi).  Thie  i^  quite 
a  distinct  and  comparatively  large  species,  and  it  is  alsp  one  of  the  rarest 
species  of  the  genus. 

Laophonte  depresea^  T.  Scott. — Loch  Fyne,  off  Tarbert,  ya  20  to  25 
fathoms,  in  dredged  material. 

NormaneUa  dubia  (Brady  and  Robertsop). — Obtained  Jn  dredged 
material  from  Loch  Gair  and  from  near  Largabruach  (G.) 

GylvndropsyUua  laevis,  G.  S.  Brady. — From  pools  Jbetween  tide-marks 
in  East  Loch  Tarbert. 

Gletodes  longicaudata  (Birady  and  Robertson). — East  Loch  Tarbert, 
Largabruach,  and  Loch  Gair,  in  dredged  material  (G.). 

Cletodes  linearis  (Claus). — This  somewhajb  rare  species  was  obtained  in 
material  dredged  in  East  Loch  Tarbert,  Loch  Fyne. 

Cletodes  curvirostris,  T.  Scott. — In  dredged  material  from  Loch  Gair 
and  ]L»argabruftch  (G.). 

Itundla  tenuiremis  (T.  Scott).  =»  [Cletodes  tenuiremis,  T.  Scott,*  and 
Itunella  (1)  subsalsa,  G.  S.  Bradyt]. — Dredged  near  Largabruach,  Upper 

*  Slevmth  Annual  Bsport  of  the  Fishery  Board  for  ScoOand,  Part  iii.  p.  804,  pi 
iiL,  figs.  21-28. 

t  Nat.  Hist.  Trans.  o/Northwnb.,  Dv/rham,  and  Netocasile-upon-Tyne,  voL  xiH, 
p.  6,  pi.  i.    Separate  reprint. 


Digitized  by 


Google 


152  Part  III. — Fifteervth  Annual  Report 

Loch  Fyne  (G.).  This  copepod,  when  first  described,  was  doubtfully  re- 
ferred to  thu  genus  Gletodes  for  reasons  stated  iu  tbe  '  remarks '  on  the 
species.  Sometime  afterwards  Dr  Brady  instituted  the  genus  liunella 
for  what  appears  to  be  a  closely  allied  form  from  the  Solway.  Having, 
during  the  last  two  or  three  years,  examined  many  specimens  of  Cletodes 
tenuiremis  from  different  localities,  I  now  quite  agree  with  Dr  Brady  in 
considering  this  copepod  to  be  generically  distinct  from  Gletodes^  and  have, 
therefore,  adopted  his  generic  appellation. 

Enhydrosoma  curvatum  (Brady  and  Robertson). — This  species  was 
obtained  in  dredged  material  from  Loch  Grair  and  from  near  Largabroach 
(G.). 

Dactylopvs  tisboides,  Clans. — Loch  Fyne  and  East  Loch  Tarbert 
(Calderwood).     Dredged  near  Largabruach  (G.). 

DactylopuB  simUiSf  Glaus. — East  Loch  Tarbert  (Mihi).  Near  the  head 
of  Loch  Fyne  (G.).  This  is  a  distinct  and  moderately  large  species ;  it 
does  not  appear  to  be  common  in  the  Loch  Fyne  district. 

Dactylopus  flavuSy  Glaus. — Obtained  by  the  *  Garland '  near  the  head 
of  Loch  Fyne. 

Dactylopus  stromii  (Baird). — East  Loch  Tarbert,  Loch  Fyne,  in  dredged 
material  (Mihi). 

Thalestris  Clausiiy  Norman. — Loch  Fyne  and  East  Loch  Tarbert 
(Calderwood).     Dredged  near  Largabruach  (G.). 

Thalestris  mysiSy  Glaus. — This  fine  species  has  been  recorded  from 
East  Loch  Tarbert  by  Mr  Calderwood.     I  also  have  found  it  there. 

Thalestris  longimana,  Glaus. — Loch  Fyne  and  East  Loch  Tarbert 
(Calderwood).  This  is  one  of  the  more  common  and  widely  distributed 
species  of  Thalestris, 

Thalestris  forficuloideSf  T.  and  A.  Scott. — Obtained  off  Inveraray  and 
near  Largabruach  (G.). 

Westwoodia  nohUis  (Baird). — Loch  Fyne  and  East  Loch  Tarbert 
(Calderwood). 

Harpacticus  chelifer  (Miiller). — East  Loch  Tarbert  (Calderwood). 
Near  Largabruach  and  near  the  head  of  Upper  Loch  Fyne  (G.). 

Zaus  spinatus,  Goodsir. — Loch  Fyne  and  East  Loch  Tarbert  (Calder- 
wood). 

Alteutha  depressa,  Baird — Loch  Fyne  and  East  Loch  Tarbert  (Calder- 
wood, as  Pdtidium  depressum).  This  copepod  may  usually  be  obtained 
where  Laminaria  is  more  or  less  common — as  in  the  bays,  where  the 
water  is  shallow. 

Alteviha  interrupta  (Goodsir). — Loch  Fyne  and  East  Loch  Tarbert 
(Calderwood  as  Feltidium  interruptum), 

Pdtidium  purpureum,  Philippi. — East  Loch  Tarbert  (Mihi).     (See  a 
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description  of  the  species  by  Dr  Brady  in  the  Fifth  Annual  Report  of  the 
Fishery  Board  for  Scotland.)     Near  Largabruach,   Upper  Loch  Fyne 

(a.). 

Porcdlidium  fimhriatum,  Clans. — ^Loch  Fyne  and  East  Loch  Tarbert 
(Calderwood).  Upper  Loch  Fyne,  near  Largabruach,  and  near  the  head 
of  the  loch  (0.). 

Forcdlidium  euhrotundvm^  Norman. — Upper  Loch  Fyne,  in  30  fathoms 
(M.). 

Idyafurcata  (Baird). — East  Loch  Tarbert  (Calderwood).  Upper  Loch 
Fyne,  near  Largabruach,  and  off  Inveraray  (G.). 

Idya  longicomis,  T.  and  A.  Scott. — East  Loch  Tarbert,  Loch  Fyne 
(Mihi).     This  is  a  large  and  well-marked  species. 

Idya  gracilis,  T.  Scott. — ^This  was  obtained  in  Loch  Gair,  off  Inveraray, 
and  near  the  head  of  Loch  Fyne  (G.). 

Idya  minor,  T.  and  A.  Scott. — Upper  Loch  Fyne,  near  Largabruach, 
and  near  the  head  of  the  loch  (G.). 

Scutdlidium  fasciatum  (Boeck). — East  Loch  Tarbert  (Calderwood). 
Obtained  by  washing  the  *  roots '  of  Laminaria  and  other  large  marine 


Monstrtlla  {?)  Danm^  ClaparMe. — A  single  representative  of  this  curi- 
ous group  of  Copepods  was  obtained  in  a  bottom  tow-net  gathering  col- 
lected between  Dunderave  and  Ardno,  near  the  head  of  Loch  Fyne  (G.). 
The  specimen  is  a  female,  and  has  three  abdominal  segments.  The  drnt 
segment  is  about  twice  as  long  as  the  second,  and  is  more  tumid ;  it  is  also 
rather  longer  than  the  third  segment ;  it  bears  two  long  *  genital  set^e,' 
which  are  united  at  the  base  so  as  to  form  a  very  short  but  quite  distinct 
basal  part ;  the  caudal  setae  are  three  on  each  furca.  The  antennules  are 
in  length  scarcely  equal  to  one-third  the  length  of  the  body ;  the  first  joint 
is  about  four  and  a  lialf  times  the  length  of  the  second,  the  third  is  about 
one  and  a  half  times  the  length  of  the  second,  and  the  second  and  fourth 
joints  are  nearly  equal  in  length ;  the  antennules  are  four-jointed.  The 
Loch  Fyne  specimen  thus  agrees  very  well  with  the  brief  description  of 
Monstrilla  Danes,  Clapar^de,  in  Mr  Bourne's  memoir  on  the  MonstrH- 
lidcB,*  The  fifth  feet,  so  far  as  I  can  make  them  out  without  dissection, 
resemble  those  of  Monstrilla  gracUicauda,  Giesbrecht. 

Pabasita. 

Lichomolgus  fucicolus,  G.  S.  Brady. — Upper  Loch  Fyne,  near  Larga- 
bruach, in  dredged  material  (G.). 

Lichomolgus  forficulus,  Thorell. — In  th«  branchial  chamber  of  large 
Ascidians  from  Loch  Fyne  and  East  Loch  Tarbert  (Mihi). 

Lichomolgus  furciUatus,  ThorelL — Off  Inveraray,  Upper  Loch  Fyne, 
from  trawl  refuse  (G.). 

*  The  Quarterly  Journal  of  Microscopical  Seienee,  voL  xxx.  (new  series),  p.  576 
(Febrnary  1890).     Reprint. 
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(?)  LichonwlgtLS  maximvSy  L  C.  Thomp6oa.-^Obtained  in  specimens  of 
the  common  Pecten — Pecten  operctdaris — from  Loch  Gair,  off  Inveraray, 
and  from  near  the  head  of  the  loch  (G.).  This  is  not  a  true  LdcliomolguSy 
and  is  only  provisionally  placed  here. 

^^  Pseudardhemus  liber  (Brady  and  Eobertson). — ^This  species  ]&  from 
the  same  localities  as  the  last  (G.).  ' 

'  ,\fDer7natomyzon  nigripes  (Brady  and  Eobertson). — This  fine  species  has 
been  obtained  in  East  Loch  Tarbert  (Calderwood)  ;  and  near  the  head  of 
Upper  Loch  Fyne  (G.). 

Artotrogvs  orbicularis,  Boeck. — A  single  $  and  9  specimen  of  this 
fine  species  were  taken  in  material  dredged  at  Tarbert  Bank,  Loch  Fyne, 
in  20  to  25  fathoms  (G.). 

iBradyporUius  magniceps  (G.  S.  Brady). — Has  been  recorded  for  East 
Loch  Tarbert  (Calderwood) ;  it  has  also  been  obtained  near  the  head  of 
Upper  Loch  Fyne  among  trawl  refuse  (G.). 

Bradypontius  Normani  (B.  and  K.)  (PI.  II.  figs.  1  and  2 ;  PL  IIL 
figs.  1-11). 

Description  of  the  fenude. — Length  of.  the  specimen  figured,  I'b  mm. 
(^  of  an  inch).  In  general  appearance  somewhat  like  Bradypontitis  mag- 
niceps, G.  S.  Brady,  but  the  abdomen  is  more  elongate  and  slender  (fig.  1, 
PI.  III.).  Antennules  short  and  nine-jointed ;  the  first  joint  is  of  moderate 
length,  the  third  is  fully  three  times  the  length  of  the  preceding  joint ; 
the  next  five  joints  are  small,  while  the  last  is  nearly  twice  the  size  of  the 
penultimate  joint  (fig.  3,  PL  III.).  The  formula  shows  approximately  the 
proportionate  lengths  of  the  joints. 

Proportionate  lengths  of  the  joints,  .         18  •  6  '  17  •  7  •  5  •  6  •  6  •  7  •  18. 
Number  of  the  joints,       .        .        .         l*2'8-4'5*6-7*8-d. 

The  antennsB  are  somewhat  like  those  of  Asterocheres  Boecki,  G.  S.  Brady  ; 
the  secondary  branch  is  small  and  uniarticulate,  and  bears  a  single  apical 
seta  (fig.  5,  PL  IIL).  The  mandibles  are  elongate  and  very  slender  (fig.  6, 
PL  IIL).  The  maxilldd  consist  of  two  small  branches,  as  shown  by  the 
lignre  {hg.  7,  PL  IIL).  Both  foot-jaws  are  robust  and  strongly  clawed 
(figs.  8  and  9,  PL  IIL).  The  swimming  feet,  which  are  robust,  h^ve  the 
inner  margins  of  both  branches  furnished  with  numerous  plumose  set® 
(figs.  J  and  2,  PL  IJ.).  The  secondary  joint  of  the  fifth  pair  is  small  and 
sub-quadrangular,  and  furnished  with  three  setaB ;  a  single  seta  also 
springs  from  the  basal  joint  (fig.  10,  PL  IIL).  The  abdomen  is  composed 
of  four  segments — genital  segment  larger  than  the  othersL 

Description  of  the  male. — ^The  male  differs  slightly  in  its  jgeneral 
outline  from  the  female  ;  the  abdomen  is  five-jointed,  and  the  genital  seg- 
ment is  rather  larger  than  the  others.  The  antennules  are  ten-jointed  ;  the 
first  six  are  nearly  as  in  the  female  ;  the  seventh  joint  is  about  equal  to 
the  combined  lepgths  of  the  three  preceding  joints ;  the  eighth,  ninth,  ai^d 
last  are  each  rather  smaller  than  the  one  that  immediately  precedes  it ; 
the  antennffi  are  hinged  and  adapted  for  grasping  (fig.  4,  PL  III.).  The 
other  appendages  resemble  those  of  the  female. 

t  See  Dr  Oirabraoht  on  tlM  fionily  Astomyzontidm,  l^ojrelL  {Zoologisehen 
Anzeiger,  Nos.  621,  522,  1897.) 
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Hahitai, — Loch  Grair,  Upper  Loch  Fyne. 

Remarks. — ^Living  specimens  of  this  handsome  species  are  very  prettily 
ornamented  with  usually  eight  brick-red  blotches,  six  of  which  are  sub- 
marginal  ;  and  two  central — one  being  at  the  anterior  ape?c  of  the  first 
body  segment  and  one  near  the  posterior  portion  of  the  thorax,  as  shown 
by  figs.  1  and  2,  PI,  III.,  which  are  reproduced  from  drawings  of  a  living 
male  and  female  specimen  from  Cromarty  Firth.  The  markings  on  the 
cephalo thoracic  segment  were  similar  in  all  the  specimens  examined,  but 
one  or  other  of  the  posterior  marginal  blotches  were  observed  to  be  occa- 
sionally absent.  The  general  colour  of  the  dorsal  surface  was  yellowish, 
tinged  with  brown.  When  examined  under  the  microscope,  the  integu- 
ment was  also  seen  to  be  thickly  besprinkled  with  minute  circular  mark- 
ings. The  secondary  branches  were  quite  distinct,  though  small.  With 
the  exception  of  the  antennuks,  the  various  appendages  were  the  same  in 
the  male  as  in  the  female. 

\Scottomyzon  gibberum  (T.  and  A.  Scott). — From  specimens  of  the 
common  star-fish  (Asterias  ruheiis)  caught  near  the  head  of  Loch  Fyne  (G.). 

Caligus  rapax^  Milne  Edwards. — East  Loch  Tarbert,  on  a  coal-fish 
caught  in  Loch  Fyne  (Mihi). 

Caligus  diaphanus,  Nordmann  (with  nuipppous  speciojena  of  Udonella 
caligorum  adhering  to  the  Caligus).  From  large  Coalfish  caught  in  Loch 
Fyne  (Mihi). 

Lepeoptlieincs  pectoralis  (Miiller). — From  the  pectoral  fins  of  plaice 
(Pleuronedes  Flatessa),  caught  off  Inveraray  and  in  Ard-a-Eaolas  Bay 
(G.). 

Lementoma  comuta  (Miiller). — Taken  from  the  gills  of  long  rough 
dabs  (Hippoglossoides  limandotdes),  caught  off  Inveraray  (G.). 

Lementoma  lophii  (Johnston).  From  an  Angler  fish  caught  in  Loch 
Fyne  (Mihi). 

AnchoreUa  uncinata  (Miiller). — Found  adhering  to  the  inside  of  the 
mouth  and  on  the  gills  of  a  young  coal-fish  caught  in  Loch  Gaiir,  Upper 
Loch  Fyne  (G.). 

ClBBIFBDU. 

Balanus  porcatus,  Da  Costa. — ^Upper  Loch  Fyne,  at  Minard,  attached 
to  Mytilus  (M.). 

Balanus  Hameri,  Ascanius. — Upper  Loch  Fyne^  at  Minard  and  on  the 
west  side,  in  12  to  20  fathoms ;  also  on  the  shore  (M.). 

Balanus  hqHanoides  (Linn^). — ^Upper  Loch  Fyne,  at  Minard  and  on 
the  west  side,  in  12  to  20  fathoms  ;  also  on  the  shore  (M.). 

Balanus  crenatus  (Brug.). — At  Minard  and  on  both  sides  of  Upper 
Loch  Fyne,  io  10  to  20  fathoms,  and  between  tide-marks  (M.). 

Verruca  Stromia,  0.  F.  Miiller. — Off  Inveraray,  Upper  Loch  Fyne,  in 
4  to  10  fathoms  (M.). 

t  See  Dr  Oiesbrecht  on  the  Ikmily  AsetmvywmUdm,  Tfaorell.  {Zoologisehm 
Answer,  Not.  621,  (22,  1897.) 
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Sacculina  carcini  (Thompson). — Parasitic  on  a  specimen  of  Carcinus 
mcenas,  captured  ia  the  trawl-net  near  the  head  of  Upper  Loch  Fyne  (G.). 

Pdtogagter  paguri  (Rathke). — Parasitic  on  Eupagurus,  East  Loch 
Tarbert  (Mihi). 

POLTZOA  OF  LOCH  FTNK 

The  following  list  of  Loch  Fyne  Polyzoa  is  compiled  entirely  from  the 
MS.  records  of  the  steam-yacht  '  Medusa.'  The  arrangement  is  that  of 
the  British  Association  Report  on  the  Marine  Zoology,  Botany,  and  Geo- 
logy of  the  Irish  Sea  (1896). 

Chhilostomata. 

OemeUaria  loricata  (linn^). — Upper  Loch  Fyne,  at  Minard  Narrows, 
in  10  to  15  fathoms  (M.). 

BuguLa  turbinata,  Alder. — Upper  Loch  Fyne,  east  side  in  10  to  20 
fathoms  (M.). 

Gdlaria  fisttdosa  (Linn6). — Upper  Loch  F3me,  at  Minard  and  at  east 
side,  in  10  to  20  fathoms  (M.). 

Membranipora  pHosa  (Linn^). — Upper  Loch  Fyne,  east  side,  in  15 
fathoms  (M.). 

Memhranipora  Flemingii,  Burk. — Upper  Loch  Fyne,  at  Minard,  in  10 
to  15  fathoms  (M.). 

Microporella  impresaa  (Audouin). — Upper  Loch  Fyne,  at  Minard,  in  10 
to  20- fathoms  (M.). 

Schizoporella  unicornis.  —Upper  Loch  Fyne,  at  Minard  and  east  side, 
in  10  to  30  fathoms  (M.). 

Hippothoa  distans,  MacGillivray  {Hippothoa  fiagellum  (Manzoni), 
(Hiucks). — Upper  Loch  Fyne,  at  Minard,  iu  15  fathoms  (M.). 

LepraUia  FaUasiana  (Moll). — Upper  Loch  Fyne,  at  Minard  (M.). 

LepraUia  cruenta,  Norman. — Minard,  Upper  Loch  Fyne  (M.). 

PoreUa  compressa  (Sowerby). — Upper  Loch  Fyne,  east  side,  in  10  to 
20  fathoms  (M.). 

Smittia  reticulata  (MacGillivray). — Upper  Loch  Fyne  (M.). 

CeU^pora  pumicosa  (Linn6).  — Upper  Loch  Fyne,  at  Minard  and  east 
side,  in  15  to  20  fathoms  (M.). 

OeUepora  ramidosa  (Linn^). — East  side  of  Upper  Loch  Fyne,  in  15 
to  20  fathoms  (M.). 

CeUepora  avictdaris,  Hincks. — ^East  side  of  Upper  Loch  Fyne,  in  15 
to  20  fathoms  (M.). 
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Cyolostomata. 

OrMaebumea  (Lmu6), — At  Minard,  Upper  Loch  Fyne,  in  15  to  20* 
fathoms  (M.). 

Criifia  denticulata  (Lamarck). — Upper  Loch  Fyne,  at  Minard  and 
east  side,  in  15  to  20  fathoms  (M.). 

Diastopora  ohdia  (Johnston). — Upper  Loch  Fyne,  east  side,  in  15  to 
20  fathoms  (M.). 

Stomatopora  granuLata  (Milne  Edwards). — Upper  Loch  Fyne,  at 
Minard  (M.). 

Lichenopara  hiapida  ^Fleming). — At  Minard,  Upper  Loch  Fyne,  in  15 
to  20  fathoms  (M.). 

Ctbnostomata. 

VeaietUaria  ipinosa  (Linn6). — Upper  Loch  Fyne,  east  side,  in  ahont  15 
fathoms  (M.). 

Incerta  sedis, 
Escaroides  rosacea. — Upper  Loch  Fyne,  at  Minard  (M.). 

(Arachnida.) 

(One  or  two  species  of  Pycnogons  and  Acarina  have  been  observed  m 
Loch  Qair  and  in  other  parts  of  Loch  Fyne,  but  these  have  not  yet  been 
identified.) 

THE  YERMES  OF  LOCH  FYNE. 

Ch.«topoda. 

The  following  records  have  almost  all  been  obtained  from  the  MS.  notes 
of  the  steam  yacht '  Medusa.' 

Tomopteris  onisciformis,  Eschscholtz. — Obtained  in  a  surface  tow-net 
gathering  collected  in  Lower  Loch  Fyne  by  the  Fishery  steamer 
'  Garland.' 

FUigrana  implexa^  Berkeley. — Upper  Loch  Fyne,  near  Minard,  in  15 
to  20  fathoms  (M). 

Spirorhis  borealis^  Morch. — Upper  Loch  Fyne,  between  tide-marks 
(M.). 

SerpiUa  triquetra  (Linn^). — At  Minard,  and  on  both  sides  and  in  the 
centre  of  Upper  Loch  Fyne,  in  10  to  36  fathoms,  and  also  between  tide- 
marks  (M.). 

Serpida  vermicularis  (Ellis). — At  Minard,  and  on  both  sides  and  in  the 
centre  of  Upper  Loch  Fyne,  in  10  to  36  fathoms  (M.). 

Serptda  contortuplicata  (Linn^). — On  the  east  side  of  Upper  lioch 
Fyne,  in  15  to  30  fathoms ;  and  at  Minard,  in  11  to  25  fathoms  (M.). 
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Dasychone  argus. — This  somewhat  rare  species  was  obtained  on  the 
east  side  of  Upper  Loch  Fyne  (M.). 

Sabella  pavonia  (Savigny). — Taken  in  Upper  Loch  Fybd,  on  bdth 
sides  and  in  the  centre,  in  10  to  70  fathoms  (M.). 

Sabella  penicillus  (Linn6). — Taken  iti  deep  water,  in  the  centre  of 
Upper  Loch  Fyne  and  also  near  the  head  of  the  loch  (M.). 

Sabella^  sp. — A  form  of  Sabella  that  has  not  been  id^iitified  wtte  ob- 
taiued  on  the  west  side  of  Upper  Loch  Fyne,  in  10  to  26  fathoms  (M.). 

Poly  cirrus  aurantiacuSj  Malmgren. — This  annelide  was  bbtained  in 
the  centre  of  Upper  Loch  Fyne,  in  35  fathoms  (M.). 

Polymnia  nasidermSy  Chiaje. — Taken  in  Upper  Locn  Fyne,  in  15 
to  20  fathoms  (M.). 

Polymnia  nebulosa. — This  Polymnia  wad  obtained  iii  the  ^tae  Ifc^cality 
as  the  last,  and  it  also  occurred  on  the  east  side  of  Uppet  Loch  Fyne 
(M.). 

Notomasttis,  sp. — An  annelide  apparently  beJongitag  to  this  gentls  was 
obtained  on  the  east  side  of  Upper  Loch  Fyne  (M.). 

Thelepus  cirdnaiusy  Fabricius. — Taken  in  15  to  20  fathoms,  in  Upper 
Lpch  Fyne. 

Terebellaj  sp. — A  species  of  annelid  was  obtained  in  Upper  Loch 
Fyne,  in  15  to  20  fathoms,  and  also  at  Minard,  that  apparently  belonged 
to  this  genus  (M.). 

Terebellides  Stroemity  Sars. — Taken  in  Upper  Loch  Fyne,  in  15  to  20 
fathoms  (M.). 

Trophonia  glaucoy  Malmgren. — This  was  obtained  in  the  same  locality 
as  the  last. 

Pedenaria  bdgiea  (Pftllas). — Pectenaria  was  taken  at  tarious  depths 
from  between  tide-marks  to  the  deep  water  in  the  centre  of  the  loch  j  ahd 
also  in  various  localities  from  near  the  head  of  the  loch  dowirwards  (M.). 
It  has  also  been  obtained  in  East  Loch  Tarbert  in  Lower  Loch  Fynd. 

Mdldane  biceps^  Sars. — This  was  taken  in  Upper  Loch  Fyne,  in  the 
centre  of  the  Loch  in  60  fathoms  (M.). 

Rhodine  LovSni. — This,  like  a  few  of  the  others,  appears  to  be  a  deep- 
water  form ;  it  ocfctirTed  in  the  centre  of  the  Loch  ih  70  fathotiis  (M.). 

Clymene  (Paxilla)  gracilis. — This  was  obtained  in  Upper  Lo6h  Fyne^ 
in  15  to  20  fathoms  (M.). 

Clymene  amphistoma. — This  also  was  procured  in  Upper  Loch  Fyne, 
in  15  to  20  fathoms  (M.). 

Cirraitdusy  dp. — ^A  species  of  Oirratulus  was  obtained  6n  the  weet  aide 
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M  Upper  Lobh  Fyne,  in  10  to  Id  fathoms,  and  also  between  tide-m(u-ks 
(M.). 

Aterticola  piscatorum,  Lamarck. — This  Was  obtained  between  tide- 
marks  in  Upper  Loch  Fyne  (M.). 

ChcBtoptetuB  variopedaiusy  Ken.  [  =  Chcei,  insignu  (Baird)].* — Taken 
at  Minard,  and  on  both  sides  of  Upper  Loch  Fyne,  in  10  to  20  fathoms 
(M.). 

Eumenia  Jeffreysii, — Taken  on  the  east  side  and  in  the  centre  of  Upper 
Loch  Fyne,  in  20  to  70  fathoms,  and  also  near  the  head  of  the  Loch  (M.). 

Ammotrypane  aulogaster,  Rathke. — Upper  Loch  Fyne,  in  15  to  20 
fathoms  (M.).     In  East  Loch  Tarbert,  Lower  Loch  Fyne,  dredged  (Mihi). 

Glycera  tessdata,  Grube  ;  variety  Macintoshii. — This  was  taken  in 
Upper  Loch  Fyne,  at  various  depths  from  15  to  20  fathoms,  down  to  60 
fathoms  in  the  centre  of  the  Loch  (M.). 

Laetmonice  filicomis,  Kinber;?,  variety  Kinhergi,  Was  obtained  in  70 
fathoms  in  the  centre  of  Up[>er  Loch  Fyne  ;  it  also  occurred  on  both  sides 
of  the  Loch  (M.). 

Neomenia  carinata, — This  also  was  obtained  in  the  centre  of  the  loch 
in  70  fathoms  (M.). 

Eunice  norvegica  (Linu^). — Eunice  norvegica  was  procured  oA  the  east 
side  of  Upper  Loch  Frne  (M.). 

Eunice^  sp. — A  species  of  this  genus  was  obtained  in  10  to  15  fathoins, 
in  Upper  Loch  Fyne,  but  was  not  identified  (M.). 

Hyodinoicea  tuhicola  (M tiller). — This  species,  which  appears  to  be 
widely  distributed,  was  obtained  at  Minard,  and  also  in  the  centre  of  the 
Loch,  in  15  to  70  fathoms  (M.). 

[Nothria  tuhicola  ((?)  =  Hydlinoecea  tuhicola)  was  obtained  in  somewhat 
similar  localities  as  the  last.] 

Lumhriconereis  nardonis,  Grube. — Occurred  on  the  east  side  of  Upper 
Loch  Fyne  (M.). 

Nereis  Dumerilii  (Aud.  and  M.  Edw.)  was  obtained  on  the  east  side 
of  Upper  Loch  Fyne  in  10  to  15  fathoms  (M.). 

Nereis  pelagica  (Linn6). — Taken  at  Minard,  in  the  centre  of  Upper 
Loch  Fyne,  near  the  head,,  and  also  between  tide-marks  (M.).  In  east 
Loch  Tarbert  and  neighbouring  parts  of  Lower  Loch  Fyne. 

Nereis^  sp. — An  unidentified  species  of  Nereis  was  obtained  at  Minard, 
in  the  centre  of  the  Loch,  near  the  head,  in  12  to  70  fathoms,  and  also 
between  tide-marks  (M.). 

Nephthys  Homhergi  (And.  and  M.  Edw.)  was  procured  in  Upper  Loch 
Fyne,  on  the  east  side  (M.). 

*  See  J.  Hornell,  in  T^nth  Annual  Report  of  the  LM.B.C,  p.  28  (1897). 
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Nephthys  ciliata, — This  form  was  obtained  in  Upper  Loch  Fyne,  in  15 
to  20  fathoms  (M.). 

Lepidonotvs  aqtuimatus  (Linn^)  was  found  on  the  east  side  of  Upper 
Loch  Fyne. 

Hcdoaydna  geJatinosa,  Sars. — This  was  taken  on  the  east  side  of  Upper 
Loch  Fyne,  and  on  the  shore  at  low  water  (M.). 

Polynoe  squamata  (Johnston). — At  Minard ;  on  both  sides  of  Upper 
Loch  Fyne,  in  10  to  30  fathoms ;  and  between  tide-marks  (M.). 

Polynoe,  sp. — A  species  of  Polynoe^  not  identified,  was  obtained  at 
Minard  ;  and  on  both  sides,  as  well  as  in  the  centre  and  near  the  head  of 
the  Loch,  in  10  to  35  fathoms ;  it  was  also  found  on  the  shore  between 
tide-marks  (M.). 

Aphrodite  actUeata  (Linn^). — At  Minard  ;  and  on  the  east  side  and  in 
the  centre  of  Upper  Loch  Fyne,  in  15  to  70  fathoms,  as  well  as  near  the 
head  of  the  I-och  (M.).  East  Loch  Tarbert  and  adjacent  parts  of  Lower 
Loch  Fyne,  not  rare. 

Hermione  hystrix  Savigny  (=:  Aphrodite  hystrix), — This  species 
appears  to  be  more  restricted  in  its  distribution  than  the  last,  and  confined 
to  deeper  water  ;  it  was  obtained  in  Upper  Loch  Fyne,  in  the  deep  water 
of  the  centre — 65  to  70  fathoms  (M.). 

Obphyrea. 

Sipuncultuf  hemharduB  was  obtained  at  Minard,  in  about  10  fathoms 
(M.). 

(?)  Phascolosoma  stromhi  (Mont,). — A  species  of  Sipunculus,  which 
was  probably  a  Phascolosoma,  was  obtained  at  Minard,  and  also  in  the 
centre  of  the  Loch  in  depths  ranging  from  10  to  70  fathoms,  in  the  dead 
shells  of  Dentalium  (M.). 

CaSTOONATHA. 

Sagitta  hipunctaia^  Quoy  and  Gainard,  appeared  to  be  generally  distri- 
buted all  over  the  Loch. 

Nbmbrtba. 

lAneus  marinvs  (Mont.)  is  occasionally  obtained  at  the  roots  of  tangle 
and  other  sea-weeds,  specimens  many  yards  in  length  being  sometimes 
observed. 

TURBELLABIA. 

Planaria,  sp. — Specimens  of  a  Planaria  (probably  Planaria  littoralis) 
are  occasionally  observed  in  Loch  Fyne;  but  the  Planarians,  as  well 
as  the  other  groups  of  Vermes,  require  further  study ;  and  when  that  is 
done  considerable  additions  will  no  doubt  be  made  to  the  preceding  list. 

THE  ECHINODERMATA  OF  LOCH  FYNE. 

The  Catalogue  of  the  British  Eeliinoderms  in  the  British  Museum, 
by  Prof.  Jeffrey  Bell,  is  followed  as  to  the  arrangement  and  names  in 
this  list. 
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Ceinoidea. 

Antedon  bifida  (Pennant). — Common  near  the  east  shore  of  Loch  Fyne 
(B.  &  S.). 

ASTBROIDRA. 

Porania  pulvUlm  (O.  F.  Miiller). — In  Upper  Loch  Fyne  at  Minard 
in  11  to  25  fathoms  (M.). 

Stichuster  roseus  (0.  F.  Miiller). — ^Taken  at  Minard,  west  side,  in  10 
to  25  fathoms,  also  on  the  shore  at  low  water  (M.)  East  Loch  Tarbert 
(B.  «k  S.). 

Solaster  papposus  (Fabricius). — Minard,  on  both  sides,  in  10  to  30 
fathoms,  and  also  on  the  shore  (M.).  Frequent  in  Loch  Fyne,  smaller  speci- 
mens between  tide  marks  (B.  <k  S.).     Strachur  Bay  (G.). 

Solaster  endeca  (Liim4).  At  Minard,  on  both  sides,  in  10  to  25  fathoms 
(M.).  Frequent  some  distance  from  shore,  and  also  occurs  at  low  water 
(B.  &  S.). 

Hmricia  sanguinolenta  (0.  F.  Miiller). — On  both  sides  of  Loch  Fyne, 
at  Minard,  in  10  to  40  fathoms  (M.).     East  Loch  Tarbert  (B.  &  S.). 

Asterias  glacialis^  Linn6. — On  the  west  side  of  Upper  Loch  Fyne,  in 
10  to  25  fathoms  (M.).  Frequent  in  20  to  30  fathoms  in  Loch  Fyne, 
sometimes  of  large  size  (B.  &  S.). 

Asterias  ruhenSf  Linn(5. — Generally  distributed,  and  more  or  less  fre- 
quent all  over  the  loch,  and  at  all  depths ;  Minard,  etc.  (M.).  East  Loch 
Tarbert  (B.  &  S.).     Caimdow,  Loch  Gair,  etc.  (G.). 

Asterias  Murrayi,  Bell. — Upper  Loch  Fyne,  in  65  fathoms.  (F. 
Jeffrey  Bell,  in  Catalogue  of  the  Brit,  Echin.  in  tlie  British  Museum^  p. 
103,  PL  XII.,  figs.  1  and  2). 

Ophiuroidba. 

Ophiura  eUiaris  (Linn^). — Frequent  in  East  Loch  Tarbert  (B.  &  S.). 
Generally  distributed  in  Upper  Loch  Fyne,  in  from  10  to  70  fathoms 
(M.). 

Ophiura  albida,  Forbes. — Loch  Fyne  and  East  Loch  Tarbert,  common 
(B.  &  S.).  Generally  distributed  in  Upper  Loch  Fyne,  in  from  10  to  70 
fathoms  (M.). 

Ophiura  ajffinis,  Liitken. — On  both  sides,  and  in  the  centre  of  Upper 
Loch  Fyne,  at  Minard,  in  from  12  to  70  fathoms  (M.). 

Amphiura  Chiajii,  Forbes. — Off  Inveraray  (Robertson,  in  Trans.  N. 
H.  S.  Olasg.j  vol.  i.).  On  both  sides  and  centre  of  Upper  Iioch  Fyne, 
and  also  near  the  h^,  in  15  to  70  fathoms  (M.). 

Amphiura  jUiformis  (0.  F.  Miiller).  Off  Back  Island,  Loch  Fyne 
(B.  &  S.).  Both  sides  and  centre  of  Upper  Loch  Fyne,  in  10  to  70 
fathoms  (M.). 
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Arnphiura  degana  (Leach). — Frequent  between  tide-marks  (B.  &  S.) 

Ophiopholis  actdeaia  (Linn^). — Generally  distributed,  and  more  or  less 
frequent  in  Loch  Fyne,  Upper  and  Lower  (M.,  B.  &  S.,  G.). 

Ophiocoma  nigra  (Abilgard). — Very  abundant,  in  15  to  20  fathoms 
(B.  it  S.).  At  Minard,  Upper  Loch  Fyne,  on  both  sides,  in  10  to  30 
fathoms  (M  ).     Abundant  in  Loch  Gair  (G.). 

Ophiotkrix  fragilis  (Abilgard). — Common,  especially  near  the  east 
shore  of  Loch  Fyne  (B.  k  S.)  Upper  Loch  Fyne,  on  both  sides,  in  from 
10  to  30  fathoms,  and  also  between  tide-marks  (M.). 

ECHINOIDEA. 

EchiniLs  miliarisj  Linn^. — Between  tide  marks.  East  Loch  Tarbert 
(B.  &  S.).  Upper  Loch  Fyne,  at  Minard,  on  both  sides  and  in  the  centre, 
in  from  10  to  60  fathoms,  and  also  between  tide-marks  (M.).  Strachur 
Bay,  Loch  Gair,  etc.  (G.). 

Echinus  esciUentics,  Linn^. — More  or  less  common  all  over  the  loch, 
both  upper  and  lower,  usually  on  hard  ground. 

SjpatangtLS  purpureus  (0.  F.  Miiller). — Upper  Loch  Fyne,  at  Minard, 
and  in  the  centre  of  the  loch,  in  12  to  70  fathoms  (M.). 

Echinocardium  cordatum  (Pennant). — A  moderately  common  species 
in  Loch  Fyne,  where  the  conditions  are  suitable,  as  in  East  Loch  Tar- 
bert (B.  &  S.).     At  Minard  (M.),  and  Cairndow  (G.). 

Brissopsis  lyriferay  Forbes. — In  the  centre  of  Upper  Loch  Fyne,  in  56 
to  60  fathoms  (M.).     Tarbert  Bank,  Lower  Loch  Fyne  (Mihi). 

HOLOTHURIOIDBA. 

Synapta  digitata  (Montagu). — Loch  Fyne  (Dr  Scouler  in  Trans. 
N.  H.  S.  Glasg,,  vol.  i.  p.  8). 

Oucumaria  Hyndmani  (Thompson). — Obtained  on  the  east  side  of 
Upper  Loch  Fyne,  in  20  fathoms  (M.). 

Cucumaria  pentades  (1)(Linn(^). — Upper  Loch  Fyne,  on  the  east  side, 
in  about  20  fathoms  (M.). 

Thyonefusm  (0.  F.  Miiller).— On  the  west  side  of  Upper  Locti  Fyne, 
in  from  10  to  15  fathoms  (M.). 

Thyone  raphanus^  Dub.  and  Kor.— East  Loch  Tarbert  (Mihi).  East 
side  of  Upper  Loch  Fyne,  in  about  20  fathoms  (M.). 

Psolus  phantapus  (Straasenfeldt).— Upper  Loch  Fyne,  at  Minard,  and 
on  the  east  side  of  the  loch,  in  11  to  25  fathoms  (M.). 

Doubtful  species. 

Orihdla  acvZeata. — Said  to  have  been  found  on  the  shore  of  Upper 
lioch  Fyne  (M.). 
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Oph4ocatna  miMUek — Repotted  from  Minard,  Upper  Loch  Fyne  (M.). 
Ophiaetis  BalUi  (Thomp.)  l—Zostera  bed,  East  Loch  Tarbert  (B.  &  S.). 

THE  ACTINOZOA  OF  LOCH  FYNE. 

Alctonaria. 

Aloponium  digitatum  (Linnd). — Upper  Loch  Fyne,  at  Minard,  on  both 
sides,  in  10  to  25  fathoms,  and  also  on  the  shore. 

Sarcodictyon  catencUa,  Forbes. — Upper  Loch  Fyne,  in  the  centre  near 
the  head  (M.). 

Virgvlaria  mirahilis  (Linn(5). — Upper  Loch  Fyne,  at  Minard,  and  in 
the  centra  of  the  loch,  in  11  to  70  fathoms. 

ACTINIAKIA. 

Bdodera  TuedicR  (Johnston). — Loch  Fyne,  off  Tarbert;  taken  o^^aeion- 
ally  in  the  dredge  (Mihl).  In  deep  water  between  Penniore  and  Itiveraray 
(G.).  This  is  a  large  species  with  the  tentacle  scarcely  relraotile ;  it  U  of 
a  red  colour,  and  appears  to  be  confined  to  moderately  deep  water.  At 
Miaard,  and  in  the  centre  of  the  loch^  in  15  to  70  fathoms  (M.). 

Anemonia  sulcata^  Pennant  [Antkea  eereus  (Elli#  and  Bolander)].'^^ 
Frequent  on  the  leaves  of  Zostera  in  East  Loch  Tarbert,  at  extreme  low 
water  (Mihi). 

Adarrma  palliata  (Bohadsch.). — Minard,  on  both  sides,  and  in  the 
o«nlre  of  the  loch,  in  10  to  70  fathoms  (M.).  Usually  found  adhering 
to  the  univalve  shells  inhabited  by  Eupagurus  PHdeauxii. 

AoUrUa  equina^  Linn^  [A,  meseinbrrjanthemum  (Ellis  and  Solander)]. 
^3ommon  oetween  tide  marks. 

Tealia  crassicomis  (Mliller). — Frequent  between  tide  marks  among 
stones,  and  usually  with  small  gravel  adhering  to  the  test. 

Stomphia  ChurcUcB,  Gossa— Upper  Loch  Fyne,  at  Minard,  on  the 
east  and  west  side,  and  in  the  centre,  in  12  to  36  fathoms  (M.). 

Edtmrdda  callimorpha  (Gosee).— Taken  in  Upper  Loch  Fyne,  on  the 
east  side,  in  10  to  12  fathoms  (M.). 

Edwardda  camea  (Goese).— Port  Loy,  at  low  water,  attached  to  stones 
(M.). 

Caryophyllia  Smithn  (Stokes).— Loch  Fyne  ;  rare  (Mihi). 


HYDROZOA  OF  LOCH  FYNE. 

The  species  recorded  below  were  nearly  all  obtained  by  the  steam- 
yacht  *  Medusa' ;  their  names  are  arranged  in  accordanoe  with  Hincks' 
Pritish  ffydroid  Zoophytes,  .-. 
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Hydractinia  echinata  (Fleming). — Upper  Loch  Fyne,  at  Minard,  on 
both  sides,  and  in  the  centre,  in  12  to  20  fathoms  (M.). 

Endendrium  rameum  (Pallas). — Upper  Loch  Fyne,  in  the  centre  (M.). 

Campanularia  verticillata  (Linn^). — Upper  Loch  Fyne  (M.).  A 
moderately  common  species  in  deep  water. 

Lafoea  dumom  (Fleming). — At  Minard  and  east  side  of  Upper  Loch 
Fyne,  in  12  to  20  fathoms  (M.). 

Lafoea  fnUicosa  (M.  Sars).  At  Minard,  Upper  Loch  Fyne,  in  12  to  20 
fathoms  (M.). 

Halecium  muricaium  (Ellis  and  Solander). — At  Minard,  Upper  Loch 
Fyne,  in  15  to  20  fathoms  (M.). 

SertulareUa  rugom  (Linnd). — At  Minard,  Upper  Loch  Fyne,  in  12  to 
20  fathoms  (M.).  The  stem  of  S,  rugosa,  which  may  be  found  adhering 
to  the  fronds  of  Laminaria  or  Flustra^  sends  out  more  or  less  numerous 
and  crowded  shoots,  scarcely  an  inch  in  height. 

SerttUardla  fusiformis  (Hincks). — On  the  east  side  of  Upper  Loch 
Fyne,  in  15  fathoms  (M.).  This  is  a  small  species,  measuring  from  a 
quarter  of  an  inch  to  an  inch  in  height 

DipJiasia  faUax  (Johnston). — Loch  Fyne  (A.  M.  Norman,  see  British 
ffydroid  Zoophytes,  p.  251). 

Sertularia  pumUa,  Linn<$. — Upper  Loch  Fyne,  between  tide-marks 
(M.). 

Sertularia  JUiculaf  Ellis  and  Solander. — Upper  Loch  Fyne,  at  Minard, 
in  17  to  25  fathoms  (M.).  This  is  one  of  the  less  common  of  the  Sertu- 
laricB, 

Sertularia  abietina^  Linn^. — At  Minard,  Upper  Loch  Fyne,  in  12  to 
20  fathoms  (M.).     A  moderately  common  species. 

Sertularia  argentea^  Ellis  and  Solander. — Upper  Loch  Fyne,  in  moder- 
ately deep  water  (M.).  In  this  species  the  shoots  extend  to  a  foot  or 
more  in  height. 

Aglaophenia  myricphyllum  (Linnd). — Loch  Fyne  (A  M.  Norman, — 
see  British  Hydroid  Zoophytes,  p.  292). 


SPONGOZOA. 

Grantia  eompressay  Fleming. — Between  tide-marks.  Upper  Loch  Fjne 
(M.).     East  Loch  Tarbert  (Mihi). 

QrarUia  eUiata,  Fleming. — Upper  Loch  Fyne,  east  side,  in  12  to^20 
fathoms  (M.). 
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HcUichondria  albescens^  JohnstoD. — East  and  west  sides  of  Upper  Loch 
Fyne,  and  also  between  tide-marks. 

HcUichondria  panicea  (Pallas),  variety  papillaris, — East  side  of 
Upper  Loch  Fyne,  and  also  between  tide-marks  (M.). 

Suherites  domunctdOy  Olivi. — ^Loch  Fyne,  in  48  fathoms  ;  found  by  Mr 
Pearcy  (M.).  (t)  {Hymeniacidon  suberea^  of  Bowerbank,  is  a  synonym 
of  this). 

Suberites  ficus  (Johnston). — At  Minard  Narrows,  Upper  Loch  Fyne,  in 
15  to  20  fathoms. 

Hcdiearca  Dujardinii^  Johnston. — Upper  Loch  Fyne,  on  Inacfius  dor- 
aettensis,  in  55  fathoms ;  found  by  Mr  Pearcy  (M.). 


FORAMINIFERA  OF  LOCH  FYNK 

MlUOUD^. 

BUocuUna  ringena  (Lamarck). — ^Loch  Fyne,    in    dredged    materials 
(B.  &  S.). 

BUoculina  depressa,  D'Orbigny.— East  Loch  Tarbert  (B.  &  S.). 

BiloetUina  elongata,  D*Orbigny. — Loch  Fyne  (Mihi). 

SpiroloeuHm  limbata,  D'Orbigny.         \  ^odi  Fyne,  in  dredged  mate- 

Spiroloculina  canaliculata^  D'Orbigny.  j      "^^  v  •      "•)• 

Miliolim  trigonula,  Dunarck.        )  Loc^  ^^^  ^  ^^^^^^  ^^^ 

MUiolina  aemnvlum^  Linn^. 
MUiolina  mbrotundaf  Montague. 
MUiolina  eecana  (D'Orbigny). 
MUiolina  Ferussadi  (D'Orbigny). 
MUiMna  aggltUinans  (D'Orbigny). 


Dredged  in  East  Loch  Tarbert 
(B.  &  S.).  M.  seminidum 
and  M,  subrotunda^  also  off 
Inveraray  (G.). 


MUiolina  caniorta  (D'Orbigny). — Dredged,  Tarbert  Bank,  Loch  Fyne, 
in  20  to  25  fathoms  (Mihi). 

Comwpira  foliacea    (Plulippi). — Dredged    in    East    Loch    Tarbert 
(B.  &  S.). 

ASTRORmZIDJL 

Asirorhiza  lirnicoila^  Sand. — ^Tarbert  Bank,  Loch  Fyne,  in  20  to  25 
fathoms ;  dredged  (Mihi). 
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LlTHOLIDJB. 

Reophax  scorpiurvs^  Montfort. 

Haplophragmium^ahnariense  (D'Orbigny).         i  j),^^j«^    ^    Tarberl 

,,     ,     ,  7  7    /Axriv  \  Bank,    Loch   Fyne, 

Ha}flophragmium  pseudospirah  (Williamson).  J-     jn  20  to  SOIatkpms 

Ammodiscus  gordialisy  Parker  and  Jones.  '      ^        '" 

Trochamina  aguamata  (Parker  and  Jones). 

TKXTULARIIDiB. 

Textviaria  sagittula^  Defrauce. — East  Loch  Tarbert  (K  &  S.). 

Teztularta  pygmcta,  D'Orbigny. — Dredged  in  Loch  Fyne,  at  Tarbert 
Bank,  in  20  fathoms  (Mihi). 

Balimina  marginata,   D'Orbigny. — ^Dredged   in   East   Loch   Tarbert 
(B.  <k  S.). 

Lagsnida. 

Lagena  svlcaia  (Walker  and  Jacobs).— Dredged  in  East  Loch  Tarbert 
(B.  &  S.). 


Lagena  Icevis  (Monti^e). 
Lagenal  gracillima,  Sagz. 
Lagena  glohosa  (Montague). 
Lagena  striata  (D'Orbigny). 


Dredged  in    Lock    Fyne,   at   Tlurbert 
Bank,  in  20  to  25  fathoms  (B.  &  S.). 


Lagena  marginata  (Walker  and  Jacobs). — Dredged  in  East  Loch  Tar- 
b«rl  <R  &  a). 

Lagena  melo  (D'Orbigny), — Dredged  in  Loch  Fyne  (B.  &  S.). 

Lagena  squamosa  (Montague). — Dredged  in  East  Loch  Tarbert  (B.  &  S.). 

Lagena    hexagona    (Williamson). — Loch     Fyne,     at    Tarbert    Bank 
(B.iba). 

Lagena  JeffnysH^  Brady, — Dredged  in  Locb  Fyne  and  East  Loch 
Tarbert  (B.  <k  S.). 

Nodosaria    scalaris    (Lamarck). — Not     uncommon     in    Loch    Fyne 
(B.  k  S.). 

Nodosaria  (Dentalina)  communis  (D'Orbigny). — Loch  Fyne  (B.  &  S.). 

Orietellaria  rotulaia  (Lamarck).  )-nj     ji.fri-_xTii_ 

^  '  \  Dredged  at  Tarbert  Bank, 

Cristellana  crepidula  (Fichtel  and  Moll),  j      ^"^^  ^^""^  ^^^'^ 

Polymorphina  lactea  (Walker  and  Jacobs). — East  Lock  Tarbert ;  a 
moderately  common  species  (B.  (%  S  ) 
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Polymorphina  tuhvlosa  (D'Orbigny). 
Polymorphina  gihha,  D'Orbigny. 


These  three  species  wore  ob- 
tained with  the  dredge  in 
Loch  Fyne,  at  Taibert  Bank, 


Dredged   in    East  Loch 
Tarbert  (B.  &  S.). 


in  20  to  26  fathoms  (Mihi) 

Gloligerinid^. 
Orbtdina  universa,  D'Orbigny. — East  Loch  Tarbert  (B.  &  S.). 

RoTALIIDiE. 

Patellina  corrugata^  Williamson. — Loch  Fyne  (B.  <k  S.). 

Discorhina  rosacea  (D'Orbigny). — East  Loch  Tarbert  (B.  &  S.). 

Discorhina  glohtdaris  (D'Orbigny).— Loch  Fyne,  at  Tarbert  Bank,  in 
20  to  25  fathoms  (Mihi). 

Planorhtdina  mediterranensis,  D'Orbigny. — East  Loch  Tarbert  (B.  &  S.). 

Truncahdina  lohcUvla  (Walker  and  Jacobs). 

Rotcdia  Beecarii  (Liirn^). 

Roiaiia  nitida  (Williamson). 

Gyjmna  inlKerem,  Schultse.— Loeh  Fyne;  rare  (Mihi). 

NUNMULINrDIJC. 

f  East  Locu  Tarbert,  usually  in  dredged  mate- 
Nmioninadepressuia.      |      rial ;  common  (B.  &  S). 

Opereulina  ammoides^  Gronovius. — Tarbert  Bank,  Loch  Fyne,  dredged 
in  20  to  25  fathoms  (Mihi). 

Polystomdla  crispa  (Linn(<).  i  ^^  ^^^  ^^^^  . 

Polystomella  siiHato-punctata)  Fichtel  and  Moll),  f   ^"^^^^^  (^-  *  S-)- 


APPENDIX  TO  THE  FAUNA  OF  LOCH  FYNE. 

Several  more  or  less  interesting  marine  organisms  have  recently  been 
obtained  within  the  Clyde  area,  which  could  not,  for  obvious  reasons, 
be  included  in  the  preceding  catalogue.  As  it  is  desirable^  however, 
that  some»  at  least,  of  these  should  be  iK)tice(l,  it  is  proposed  to  do  ho 
here  by  way  of  an  appendix.  The  seaward  boundary  of  what  is  heiA 
called  the  *'  Clyde  Area  "  is  a  line  extending  from  the  Mull  of  Canty  re  to 
Corsewall  Point  at  the  mouth  of  Loch  Ryan. 

Fishes. 
Among  the  fishes  obtained,  the  following  may  be  mentioned  : — 
Lumpenaa  lampretiformis, — A  specimen  of  this^  species  was  captured 
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in  the  deep  water  between  ArraD  and  the  Heads  of  Ayr,  aud  another 
midway  between  the  Island  of  Sanda  and  Beunan  Head. 

Triglops  Murrayiy  Qiiuther. — A  young  specimen  of  this  somewhat  rare 
species  was  taken  in  the  shrimp-trawl,  a  short  distance  to  the  eastward 
of  Sanda. 

The  'Black  mouthed  dog-fish'  {Pristiurus  melanostomus)  and  the 
*  Lesser  spotted  dog-fish '  {Syllium  canicula)  were  captured  in  the  *  Gar- 
laud  '  trawl ;  the  former  was  taken  off  Arran,  and  the  latter  in  the  vicinity 
of  Ailsa  Craig. 

A  few  specimens  of  the  *  Flapper  skate '  (Raia  macrorhynchus)  were 
obtained  by  the  *  Garland '  in  different  parts  of  the  seaward  area  of  the 
Clyde;  a  specimen,  captured  in  the  deep  water  to  the  east  of  Arran, 
measured  40  inches  across  the  pectoral  fins. 

MOLLUSOA. 

Trochus  granvlatus^  Bom. — A  single  living  specimen  of  this  mollusc 
was  taken  off  the  Island  of  Sanda.  This  locality,  though  near  the  mouth  of 
the  estuary,  is  still  within  the  Clyde  area ;  and  as  this  species  does  not  ap- 
pear to  have  been  hitherto  included  among  the  recent  mollusca  of  the 
Clyde,  its  occurrence  here  is  of  interest.  Dr  Jeffreys,  in  British  Conchology^ 
states  that  the  species  has  been  obtained  off  the  Mull  of  Galloway  in 
50  fathoms,  and  also  refers  to  it  having  been  found  in  Belfast  Bay ; 
but  adds  that  the  two  broken  specimens  found  there  had  probably  been 
accidentally  introduced.  These  are  the  nearest  to  the  Clyde,  of  the 
localitieB  ^m  which  the  species  has  been  recorded. 

Crustacea. 

Qorwplax  angulata  (Fabricius). — A  male  specimen  of  this  crab  was 
captured  on  the  3rd  of  November  1896,  in  the  vicinity  of  Ailsa  Craig, 
and  on  the  following  day  a  female  was  obtained  a  few  miles  south- 
eastward of  the  Mull  of  Cantyre.  This  species  has  for  many  years 
past  been  included  among  the  Clyde  crustacea ;  but  in  recent  years  there 
seems  to  be  a  tendency  to  doubt  the  accuracy  of  the  Clyde  records. 
The  capture  of  these  two  specimens,  even  though  the  localities  be  near 
the  seaward  boundary  of  the  estuary,  will  therefore  help  to  some  extent 
to  remove  the  uncertainty  as  to  the  correctness  of  these  earlier  records. 

Nika  edtUis  and  Pasaphcea  sivado,  etc. — Both  of  these  crustaceans  are 
sometimes  of  more  or  less  frequent  occurrence  near  the  mouth  of  the 
Clyde  estuary. 

Hippolyte  prideauxiana,  Leach. — A  single  specimen  of  this  little  shrimp 
(a  female  with  ova)  was  obtained  near  the  outer  boundary  of  the  Clyde 
in  November  last ;  it  is  an  addition  to  the  Clyde  fauna.  H.  prideauxiana 
is  sometimes  captured  off  the  coast  of  Devon.  I  am  indebted  to  the  Rev. 
T.  R.  R.  Stebbing  for  the  name  of  the  species. 

Siridla  norvegica,  G.  O.  Sars. — One  or  two  specimens  were  recently 
identified  among  some  surface  tow-net  material  from  the  Clyde,  collected 
a  few  miles  to  tibe  east  of  the  Island  of  Pladda.  This  is  also  an  addition 
to  the  Clyde  fauna. 
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Erythrops  senatay  G.  O.  Sara. — During  the  past  year  this  bchizopod 
has  been  obtained  in  several  parts  of  the  Clyde  area,  sometimes  alone, 
sometimes  in  company  with  another  and  smaller  species, — Ei-ythrops 
elegans.  Neither  of  these  are  recorded  in  Prof.  Henderson's  Decapod  and 
Schizopod  Crustacea  of  the  Clyde, 

Monoculodes  tuberculatus,  G.  0.  Sars. — A  single  specimen  of  this  am  phi- 
pod  occurred  in  a  tow-net  gathering,  collected  a  few  miles  east  of  the 
Island  of  Arran.  There  does  not  appear  to  be  any  previous  record  of  it 
in  the  British  seas. 

Epimeria  tuhercidata^  G.  O.  Sars. — A  single  specimen  was  obtained 
in  the  vicinity  of  Ailsa  Craig.  There  appears  to  be  no  previous  British 
record  of  this  species.  I  am  indebted  to  the  Rev.  T.  R.  R.  Stebbing  for 
the  names  of  both  these  amphipods. 

Ephimedia  Ehlance,  Spence  Bate. — Two  small  specimens  of  an  amphi- 
pod,  which  Mr  Stebbing  thinks  may  probably  belong  to  this  species,  were 
obtained  in  the  seaward  part  of  the  Clyde  estuary.  They  resemble  some- 
what closely  the  figure  of  the  species  in  Bate  and  Westwood's  British  Sessile- 
Eyed  Crustacea^  but  are  smaller  than  the  size  stated  by  these  authors. 

Philomedes  (Gypi-idina)  h'tnda  (Baird). — Two  specimens,  both  males,  of 
this  rare  ostracod  were  obtained  in  the  Clyde,  in  the  deep  water  to  the  east 
of  Arran.  Dr  Brady,  who  kindly  examined  one  of  the  specimens,  says  : 
*  Your  specimen  is,  I  have  no  doubt,  P.  hrenda*  The  only  previous 
British  records  for  this  ostracod  appear  to  be  the  following : — Off  the 
coast  of  Durham,  near  the  Dogger  Bank  (Rev.  A.  M.  Norman).  Oflf 
Noss,  in  Shetland,  80-90  fathoms  (M*Andrew).  Ultra-British  distribu- 
tion, Greenland  (Holsteinbourg  Harbour) ;  various  parts  of  Norway  and 
Sweden,  from  E.  Finmark  and  Trondhjem  to  Drobak  and  KuUaberg.* 

Aspidophryxus  peltutm,  G.  O.  Sara  (PI.  HI.  fig.  19).  Several  speci- 
mens of  this  curious  crustacean  were  obtained  as  parasites  on  Erythrops 
serraUi  and  Erythrops  elegans  (already  recorded),  but  chiefly  on  the 
former.  Males  appeared  to  be  scarce,  and  any  that  were  noticed  were 
not  adhering  to  the  females,  but  were  each  some  distance  apart,  and  con- 
nected to  the  female  by  a  slender  filament,  as  shown  by  the  drawing 
(fig.  19).     Rev.  Mr  Stebbing  also  identified  this  species  for  me. 

COPBPODA. 

A  considerable  number  of  copepods  have,  in  addition  to  those  recorded 
from  Loch  Fyne,  been  discovered  in  various  parts  of  the  Clyde  area.  It 
is  not  my  intention,  however,  to  record  all  these  at  present ;  that  may 
probably  be  done  more  fully  later  on.  Meantime,  I  only  give  detailed 
descriptions  of  three  species  that  appear  to  be  new  to  science. 

Stenhelia  irUennediOy  sp.  n.  (PI.  XI.  figs.  10-21). 

Description  of  the  Female, — Length  about  '7  mm.  (gVth  of  an  inch). 
Body  robust.  Antennules  eight-jointed ;  the  first  four  moderately  stout 
and  sub-equal;  the  fifth,  sixth,  and  seventh  small,  but  of  nearly  equal 
length,  while  the  end  joint  is  about  as  long  as  the  fourth  joint ;  the  first 
four  joints  are  together  fully  twice  the  entire  length  of  the  last  four 

*  Mon.  of  the  Marine  aiid  Fresh-  WcUer  Ostracoda  of  the  N,  Atlantic  and  North- 
western Europe,  by  Drs  Brady  and  Norman  (Second  Part),  p.  656  (1896). 
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(fig.  11).  Antenn^B,  with  secondary  branches  elongate  and  slender,  three- 
jointed ;  the  middle  joint  very  small,  the  other  two  sub-equal  (fig.  13). 
Mandibles  and  other  mouth  organs  somewhat  similar  to  those  of  Si&Hielia 
hispiiia,  Brady  (figs.  14,  15).  The  &rst  pair  of  swimming  feet  are 
moderately  stout ;  the  inner  branches,  which  are  rather  longer  than  the 
outer,  have  the  first  joint  equal  to  nearly  twice  the  entire  length  of  the 
second  and  third,  which  are  short  and  sub-equal ;  the  joints  of  the  outer 
branches  are  nearly  of  equal  length,  and  armed  with  strong  marginal 
spines ;  a  stout  spine  springs  from  both  the  exterior  and  interior  angles 
of  the  second  basal  joint  (fig.  16).  The  inner  branches  of  the  next 
three  pairs  are  rather  shorter  than  the  outer  branches;  in  the  fourth 
pail  the  outer  branches  are  nearly  one  and  a  half  times  longer  than 
the  inner  brauches  (fig.  18).  The  basal  joints  of  the  fifth  pair  are 
broadly  ovate,  and  produced  interiorly  so  as  to  extend  to  near  the  ex- 
tremity of  the  secondary  joints ;  a  short  stout  seta  springs  from  the  dis- 
tal half  of  the  inner  margin  of  the  basal  joint,  and  four  setaB  from  the 
broad  and  somewhat  truncate  apex,  the  two  middle  set»  being  considerably 
longer  than  the  others ;  secondary  joints  sub-quadrangular,  and  furnished 
with  five  setae  of  variable  lengths  round  the  distal  end  (fig.  19).  Caudal 
stylets  short,  not  half  the  length  of  the  last  abdominal  segment;  the 
principal  seta  of  each  stylet  very  stout,  and  somewhat  fusiform  (fig.  21). 

Description  of  the  Male. — The  male  differs  from  the  female  in  having  the 
antennules  modified  to  form  powerful  grasping  organs  (fig.  1 2).  The  inner 
branches  of  the  second  pair  of  feet  are,  like  those  of  the  males  of  Stenhelia 
iina^  tiwo-jointed,  and  rather  shorter  than  the  outer  branches,  and  are  each 
provided  with  two  stout  spine-like  terminal  appendages  (fig.  17).  The  fifth 
pair,  which  are  smaller  than  those  of  the  female,  have  the  basal  joint 
armed  interiorly  with  two  stout  apical  spines ;  the  secondary  joint  is  pro- 
vided with  two  stout  spines  on  the  inner  margin, — the  posterior  spine 
being  longer  than  the  other ;  two  sub-apical  spines  exteriorly,  one  short 
and  one  of  moderate  length,  and  a  moderately  long  apical  seta ;  three 
setsB  also  spring  from  a  small  foliaceous  appendage  on  the  first  abdominal 
segment,  and  immediately  behind  the  fifth  pair  of  feet  (fig.  20). 

Hobitat, — Kilbrennan  Sound  ;  not  very  common. 

Remarks, — ^This  species  is  somewhat  intermediate  between  Stenhelia 
hiepida  and  Stenhelia  ima.  It  haa  the  stout  build  of  the  first,  while  the 
structure  of  the  second  feet  in  the  male  somewhat  resembles  those  of  the 
male  of  Stenhelia  ima  ;  but  one  of  the  characters  which,  at  a  glance,  dis- 
tinguishes thb  from  the  other  species,  is  the  remarkably  stout  seta  on  each 
of  the  caudal  stylets. 

Cletodes  tenuipes,  sp.  n.  (PI.  I.  figs.  19-27). 

Description  of  the  Femcde, — Length  about  '55  mm.  (:f  ^th  of  an  inch). 
Somewhat  like  Cletodes  propinqua  in  general  appearance  (fig.  19).  An- 
tennule  small,  five-jointed  ;  the  second  and  last  joints  are  longer  than  the 
others,  but  the  fourth  is  very  small ;  the  last  three  joints  bear  moderately 
stout  setiferous  spines  (fig.  20).  The  secondary  branches  and  the  an- 
tennsB  are  rudimentary  ;  they  are  each  reduced  to  a  single  seta  (fig.  21). 
Mandibles  well  developed ;  palp  small,  one-jointed  (fig.  22).  Posterior 
foot-jaws  moderately  stout  (fig.  23).  *  All  the  swimming  feet  are  slender, 
especially  the  inner  branches, — those  of  the  fourth  pair  being  almost  rudi- 
mentary. In  the  first  pair  the  length  of  the  inner  branches  is  equal  to 
about  two-thirds  the  length  of  the  outer  branches  ;  the  first  joint  is  very 
short,  but  the  second  is  elongate  (fig.  24).  In  the  next  three  pairs  the  inner 
branches,  which,  like  those  of  the  first  pair,  are  all  two-jointed,  are  much 
shorter  than  the  outer  branches ;  those  of  the  fourth  pair  are  very  slender, 
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and  scarcely  half  the  length  of  the  outer  branches  ;  the  first  joint  is  very 
minute,  the  second  is  elongate  and  setiform,  and  bears  a  single  terminal 
hair;  llie  outer  braaclies  are  slender  and  elongate,  and  the  marginal 
spines  are  also  slender  (fig.  25).  In  the  fifth  pair  the  basal  joint  is  small, 
interiorly  subquadrangular,  but  i)roduced  exteriorly  to  form  the  base  of  a 
moderately  stout  seta ;  an  elongate  plumose  seta  springs  from  the  inner 
angle.  Secondary  joint  narrow  snborale,  the  length  being  equal  to  fully 
three  times  the  width  at  the  broadest  part ;  it  is  furnished  with  six  seteo, 
— three  on  the  outer  margin,  one  on  the  inner  morgiu,  and  two  at  the 
apex  (fig.  26).  Caudal  stylets  elongate  and  narrow,  rather  longer  than 
the  last  abdominal  segment,  and  somewhat  atteimated  towards  the  distal 
end.  Two  small  setsB  spring  from  the  outer  edge  of  each  stylet,  and  rather 
nearer  the  base  than  the  apex.  Terminal  setse,  two — one  small  and  one 
elongate  (fig.  27). 

HahUai. — Near  Carradale,  Kilbreunan  Sound. 

Remarks. — Tha  species  now  described  somewhat  resembles  Cletodes 
propwqua^  Brady  and  Robertson  ;  but  the  structure  and  slender  form  of 
the  swimming  feet  readily  distinguish  it  from  that  form,  and  also  from 
the  next.     No  males  were  observed. 

Cletodes  hirsuHpes,  sp.  n.  (PI.  I.  figs.  11-18). 

Descf-iption  of  tJie  Female, — Length  about  "6  mm.  {jj^^  of  an  inch). 
Somewhat  like  Gldodes  propinqua  in  general  appearance  (fig.  10).  An 
tenuttlea  five-joiated,  slioi  t ;  the  first  three  and  the  last  joints  sub-equal ; 
tha  f vxiurU)  ia  ^%rf  smaU ;  the  second,  third,  and  fourth  joints  bear  several 
ationg  8|ttues  (fig.  11).  The  autcnnsB  are  provided  with  short  one-jointed 
secondary  braodbes^  eafih  with  two  setee  (fig.  12).  Mandibles  rather 
feeb^»  armad  with  about  four  elongate  slender  teeth  (fig.  13).  Both 
branches  of  the  first  four  pairs  of  swimming  feet  short  and  stout ;  the 
outer  branches,  three,  the  inner  two,  jointed  ;  the  inner  branches  of  the 
first  pair  ate  equal  to  abojcit  three-fourths  the  length  of  the  outer  branehes, 
and  the  end  joint  is  scarcely  twice  the  length  of  the  first  joint ;  both 
the  inner  and  the  outer  branches  are  densely  fiinged  with  short 
hairs  (fig.  15).  The  next  three  pairs  have  also  both  branches  fringed 
with  short  setsB ;  in  the  fourth  pair  the  outer  branches  are 
about  one  and  a  half  times  longer  than  the  inner,  and  the  apical 
set®  are  very  long  and  plumose  (fig.  16).  In  the  fifth  pair  the  basal 
joint  is  produced  interiorly,  so  as  to  form  a  narrow  and  sub-quadrangular 
lamina,  the  apex  of  which  reaches  beyond  the  middle  of  the  secondary 
joint ;  it  is  armed  with  three  stout  spiniform  setae, — one  being  at  the  apex 
and  two  near  the  middle  of  the  inner  margin ;  the  secondary  joint  is 
narrow  oblong,  the  length  being  equal  to  nearly  three  times  the  width ; 
the  outer  margin  is  densely  fringed  with  hairs,  and  four  spiniform  set® 
s^riog  lioiQ  the  broadly  rounded  apex  (fig.  17).  Caudal  stylets,  about  aa 
long  as  the  het  abdominal  segment,  foliaceus,  and  somewhat  distorted ; 
the  inner  maigin  being  broadly  and  obliquely  roianded,  while  there  is  a 
slight  concavity  ikear  the  middle  of  the  outer  edge  (fig.  Id). 

Habitat. — Kilbrennan  Souad»  near  Carradale ;  rather  scarce^ 

Remarks. — ^The  structura  ol  the  maodibles  and  the  stout  and  hirsute 
thoracic  feet  are  characters  aufildently  distinct  to  distinguish  this  from 
other  British  spefdes ;  the  fringe  of  hairs  on  the  margin  of  the  secondary 
joints  of  the  fifth  pair  is  frequently  so  coated  with  mud  as  to  l^ve  the 
appearance  of  a  continuous  brownish-coloured  bordei.  No  males  were 
observed 
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SOME  PARASITES  OF  CALANUS  FINMARCHICUS. 

First. 

Calanua  with  (?)  Microniscus  calani,  G.  O.  Sars  (PI.  III.  fig.  20).  The 
drawing  shows  a  iftcront8Ct^  in  situ  on  a  CkUanvs^  and  this  is  the  position 
in  which  I  usually  find  the  parasite  when  it  happens  to  be  attached  to  a 
CcUanus  ;  but  the  parasite  is  more  frequently  obtained  free  than  in  the 
position  shown  by  the  drawing,  through  its  having,  in  one  way  or  other, 
become  detached  from  the  copepod. 

Second. 

Calantis  infested  by  a  Nematode  parasite  (PL  III.  fig.  21).  This 
drawing  is  that  of  a  Calanus,  bearing  internally  a  Nematode  parasite 
much  longer  than  its  host.  It  sometimes  happens  that  a  considerable 
proportion  of  the  Calani  contained  in  a  tow-net  gathering  will  be  found 
infested  by  these  parasites,  while  at  other  times  the  parasites  are  rarely 
observed. 

Third. 

Calanus  with  (?)  Infusorian  parasite  (PI.  III.  fig.  22).  This  drawing 
is  that  of  a  Calanus  with  an  InfusorianAikQ  parasite  adhering  to  it. 
Specimens  of  Calanus  are  sometimes  found  with  several  of  these  organisms 
attached  to  them ;  the  parasites  are  found  adhering  to  the  body  of  the 
copepods,  to  the  autennules,  to  the  antennsB,  and  to  other  appendages,  but 
usually  about  the  head ;  sometimes  lai^e  numbers  of  Calanus  will  be 
found  infested  by  these  parasites. 

All  these  three  parasitic  forms  have  been  observed  in  the  Clyde,  up  as 
far  as  the  head  of  Loch  Fyne,  during  the  past  year. 


DESCRIPTION  OF  THE  PLATES. 


Plate  I, 

Delavdlia  mimica,  n.  sp. 

Fig.     1.  Female,  side  view, 

Fig.     2.  Antennule,  female,     . 

Fig.     3.  Mandible  and  Palp,   . 

Fig.     4.  Posterior  foot-jaw. 

Fig.     5.  Foot  of  first  pair  of  swimming  feet, 

Fig.     6.  Foot  of  fourth  pair  of  swimming  feet. 

Fig.     7.  Foot  of  fifth  pair  of  swimming  feet, 

female,       .... 
Fig.     8.  Foot  of  fifth  pair  of  swimming  feet, 

male,  (A)   Appendage  of  first  ab- 

dominai  segment,  male. 
Fig.     9.  Last  abdominal  segments  and  caudal 

stylets,       .  •  •  . 
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Fig.  10. 

Fig.  11. 

Fig.  12. 

Fig.  13. 

Fig.  14. 

Fig.  15. 

Fig.  16. 

Fig.  17. 

Fig.  18. 


Fig.  19. 
Fig.  20. 
Fig.  21. 
Fig.  22. 
Fig.  23. 
Fig.  24. 
Fig.  25. 
Fig.  26. 
Fig.  27. 


Cletodes  hirsufipes,  n.  sp. 

Female,  side  view, 
Antennole,     . 
Antenna, 

Mandible  and  Palp 
Posterior  foot-jaw, 
Foot  of  first  pair  of  swimming  feet. 
Foot  of  fourth  pair  of  swimming  feet. 
Foot  of  fifth  pair,  female,  •     . 
Last  abdominal  segments  and  caudal 
stylets, 


Cletodes  tenuipes,  n, 

Female,  side  view, 
Antennule,    . 
Antenna, 

Mandible  and  Palp, 
Posterior  foot-jaw. 
Foot  of  first  pair  of  swimming  feet. 
Foot  of  fourth  pair  of  swimming  feet. 
Foot  of  fifth  pair  of  swimming  feet, 
Last  abdominal  segments  and  caudal 
stylets. 
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Platb  II. 
Bradypontius  Normani  (B.  and  R.). 


Fig. 
Fig. 

1. 

2. 

Foot  of  first  pair  of  swimming  feet,   . 
Foot  of  fourth  pair  of  swimmiug  feet, 

X  190 
X    126 

Paramieophria  clutJuB,  n.  g.  and  n.  sp.  (female). 

Fig. 
Fig. 
Fig. 

Fig. 
Fig. 

3. 
4. 
6. 
6. 

7. 
8. 

One  of  the  antenna,   . 

Anterior  foot-jaw. 

Posterior  foot-jaw,     . 

Foot  of  first  pair  of  swimming  feet,    . 

Foot  of  fourth  pair  of  swimming  feet. 

Foot  of  fifth  pair  of  swimming  feet,    . 

X  126 
X  190 
X  190 
X  190 
X  126 
X    190 

Fig.     9.   Antennule, 


Stephos  gyrans  (Giesbrecht). 


Stenhdia  intermediay  n,  sp. 


Fig.  10.  Female,  lateral  view, 

Fig.  11.  Antennule,  female, 

Fig.  12.  Antennule,  male, 

Fig.  13.  Antenna, 

Fig.  14.  Mandible  and  Palp, 

Fig.  15.  Posterior  foot-jaw, 

Fig.  16.  Foot  of  first  pair  of  s 

Fig.  17.  Foot  of  second  pair  of  swimming  feet, 
male,         •  •  •  t 
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Fig. 

18. 

Foot  of  fourth  pair  oi 

swimming  feet, 

►                    X 

253  diameters. 

Fig. 

19. 

Foot  of  fifth  pair  of  swimming  feet 

female, 
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20. 

Foot  of  fifth  pair  of  swimming  feet 
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Platb.  III. 

Bradypmtius  Normani{K 

and  R.). 

Fig. 
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Hersiliodes  Utf oralis  (T.  Scott). 

Fig.   12.   Female,  dorsal  view,  .  ,  x      67 

Paramisophria  cluthcB^  n.  g.  and  n.  «p. 

Fig.  13.   Female,  side  view,     .  .  .  x      70 

Fig.  14.   Antennule,    .  .  .  .  x    127 

Fig.  15.    Maxilla,         .  .  x    135 

Fig.  16.    Last  abdominal  segments  and  caudal 
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Stephos  gyrans  (Giesbrechl). 

Fig.  17.    Female,  side  view,     .  .  .  x      52 

Fig.  18.    Foot  of  fifth  pair,       .  .  x    380 

Fig.  19.   Asjndophryxtis   ^>eZ^a/ws,   Q.  O.  Sars, 

male  and  female,    .             .             .  x      70 
Fig.  20.    Galanus,  with  Micronisczcs  calani  at- 
tached,      .             .             .             .  X      35 
Fig.  21.    Calanus^  with  parasitic  nematode,  x      35 
Fig.  22.    Galanm^  with  (1)  Infusorian  parasite,  x      35 
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in.— ON  THE  REARING  OF  THE  LARVAL  AND  POST-LARVAL 
STAGES  OF  THE  PLAICE  AND  OTHER  FLAT-FISHES.  By 
Habald  Dannevig  (Plate  IV,). 

The  development  of  the  eggs  of  the  common  food  fishes  is  now  rela- 
tively well  known,  only  few  specie^  being  yet  undescribed.  It  has  also 
been  comparatively  easy  to  obtain  abundant  materials  for  such  studies,  as 
the  ^gs  are  easily  developed  in  glass  jars  or  tanks  in  laboratories.  All 
that  is  necessary  for  the  maintenance  of  life  in  the  majority  of  one  or  two 
hundred  fish  eggs,  is  to  place  them  in  a  jar  holding  from  one  to  three  gallons  of 
sea  water.  When  the  temperature  is  kept  within  reasonable  limits,  and  the 
water  changed  perhaps  twice  a  day,  the  development  generally  prooeede 
without  difficulty.  Within  the  last  twenty  or  twenty-five  years,  sach 
studies  have  been  taken  up  systematically,  and  many  valuable  and  impor- 
tant papers  dealing  with  the  early  stages  of  development  have  more 
recently  been  published  by  a  number  of  naturalists  such  as  Prof.  Mclutoeh, 
Mr  Holt,  Mr  J.  T.  Cunningham,  Dr  Canu,  Dr  Pettersen,  and  others. 
And  not  only  has  the  development  of  the  eggs  been  closely  followed,  but 
detailed  descriptions  and  drawings  have  also  been  given  of  the  various 
stages  of  the  young  larvae  from  tlie  moment  of  hatching  till  the  absorp- 
tion of  the  yolk  has  been  completed.  The  larvae,  during  the  time  they 
are  nou^i^hed  from  the  yolk,  merely  require  for  their  well-being  protection 
and  change  of  water,  both  of  which  are  easily  provided. 

As  the  whole  of  the  development  from  the  impregnated  egg  till  the  end 
of  the  larval  stage,  when  the  yolk  is  all  absorbed,  has  been  studied  from 
specimens  kept  in  confinement,  it  has  also  been  possible  to  ascertain  the 
rate  of  development,  always  knowing  the  age  of  the  ogg  or  larva  in  ques- 
tion.* 

It  has,  therefore,  naturally  been  much  desired  by  naturalists  to  be  able  to 
retain  in  confinement  such  young  larval  fish  also  after  the  absorption  of 
the  yolk  in  order  to  follow  up  the  post-larval  stages,  so  that  the  later  part 
of  the  development  could  be  studied  as  closely  and  accurately  as  the  pre- 
vious part.  This  has  been  so  much  the  more  desirable,  as  it  is  often  very 
difficult  to  distinguish  definitely  between  closely  related  species  that  occa- 
sionally are  captured  in  tow-nets  ;  and  even,  when  the  distinction  has  been 
possible,  the  age  is  unknown,  and  can  only  be  given  approximately. 

But,  as  far  as  I  have  been  able  to  ascertain,  no  experiment  of  this  kind 
has  hitherto  succeeded,  though  most  investigators  have  probably  made  one 
or  more  attempts.  Dr  C.  G.  Job.  Peterson,  indeed,  has  stated  that  "  At 
the  pelagic  stage,  after  the  yolk  has  been  absorbed  (what  I  have  called  the 
post-larval  stage),  it  (the  plaice)  cannot  be  kept  in  aquariums. "t  It  may, 
therefore,  be  of  interest  to  describe  in  detail  the  arrangements  by  which  I 
succeeded  in  rearing  plaice  during  the  summer  of  1896.  J 

•  It  has  been  found 'that  the  larger  fish  eggs  take  loDger  time  in  hatching,  and 
their  larvre  a  longer  time  in  the  absorption  oi  the  yolk  than  eggs  and  larvce  of  a 
smaller  size  ;  and  it  has  also  been  shown  experimentally,  that  the  rate  of  develop- 
ment of  egg  and  larva  is  much  influenced  by  the  temperature.  See  my  paper  on 
**  The  Influence  of  the  Temperature  on  the  Development  of  Fish  eggs."  Thirteenth 
Annual  Report.     Part  III.,  page  147.     1895. 

t  Report  of  th4i  Danish  Biological  Station^  Part  IV.,  1893,  page  14. 

I^  I  am  greatly  indebted  to  Dr  Fulton,  the  Scientific  Superintendent  of  the  Board 
for  procuring  for  me  the  required  literature,  and  for  valuable  advice  relating  to  this 
paper,  and  1  have  also  got  to  thank  Mr  Scott,  Naturalist  to  the  Board,  who  kindly 
identified  the  various  forms  of  molluscs  and  crustaceans  that  I  had  drawn  or  pro- 
served  of  the  food  materials  ;  the  diatoms  were  identified  by  Prof.  Cleve  of  Upsala. 
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As  already  mentioned,  artificial  rearing  of  the  post-larval  fishes  is  of 
great  interest  from  the  scientific  point  of  view,  for  there  is  a  gap  in  our 
knowledge  between  the  larval  and  adalt  stage  of  common  fishes,  which 
only  in  a  few  cases  is  partly  bridged  over.  But  it  is  also  of  interest  for 
practical  purposes  in  connection  with  the  hatching  and  rearing  of  food 
fishes,  and  will,  no  doubt,  in  the  future  become  much  more  important.  It 
became  desirable  in  1885  at  the  Marine  Hatchery  at  Floderig  to  under- 
take an  experiment  to  clearly  show  the  vitality  of  artificially  produced  cod 
fry.  A  large  tank  was  constructed  on  shore,  into  which  cod  fry  from  the 
hatchery  was  placed  in  the  spring,  and  most  of  the  young  fishes  survived 
the  following  winter.  Some  of  them  at  that  time  had  a  size  of  about  10 
to  12  inches;  others  were  smaller.  This  experiment,  which  was  carried 
out  by  Capt.  G.  M.  Dannevig,  the  director  of  that  Hatchery,  is  described 
in  the  annual  report  of  that  institution.*  It  is  perhaps,  the  only  one  of 
its  kind  on  a  large  scale,  where  the  young  fry  could  find  suitable  condi- 
tions for  growth  and  development,  and  the  only  case,  as  pointed  out  by 
Mr.  Cunningham,!  in  which  larvae  artificially  hatched  from  marine  pelagic 
fish  eggs  have  been  successfully  reared  in  captivity ;  the  success  he  attri- 
buted to  the  fact  that  the  young  fry  were  turned  into  a  large  reservoir  of 
clean  sea  water. 

Later,  Cunningham  described  rearing  experiments  that  he  undertook  in 
the  spring  of  1894,  J  with  whiting,  flounder,  and  plaice.  The  fry  were  kept 
in  a  tank  in  the  laboratory ;  it  would  seem  that  the  two  former  species 
soon  disappeared,  while  the  yolk  was  absorbed  in  the  plaice  larvae  after 
the  elapse  of  five  days,  when  the  fry  began  to  feed.  They  soon  died,  how- 
ever, without  having  undergone  any  important  change  in  development 
In  another  experiment  he  succeeded  so  far  that  two  larvae  were  found 
alive,  thirty-seven  days  after  the  yolk  had  been  absorbed  ;  but  it  appears 
that  the  advance  in  development,  also  in  this  case,  was  very  small  In 
the  first  experiment  the  yolk  was  absorbed  in  so  short  a  time,  that  it  is 
clear  the  temperature  must  have  been  high,  probably  at  least  about  12**  C. 
or  thereabout,  and  there  is  little  reason  to  think  the  water  became 
remarkably  colder  soon  after.  But  then  those  two  specimens  that  were 
left  at  an  age  of  thirty-two  days,  ought,  according  to  the  results  of  my 
experiment  this  year,  to  have  been  far  advanced  in  development,  and 
signs  of  the  transformation  should  have  been  visibla  When  such  was 
not  the  case,  the  explanation  can  only  be  that  one  thing  or  another  in 
connection  with  Cunningham's  arrangements  were  unfavourable  to  the  fry. 
The  majority  had  died  previously,  and  the  two  specimens  left  must  have 
been  in  an  abnormal  condition.  I  have  taken  notice  of  this  here,  as  the 
results  of  the  above  experiments  partly  correspond  with  what  I  experi- 
enced in  the  same  season  (1894).  (Twelfth  Annual  Report  of  Fishery 
Board  for  1895,  part  iii.  p.  216.) 

Experimentfug  at  the  same  time,  we  both  followed  much  the  same 
system,  trying  filtered  and  untiltered  water  in  succession,  and  always 
maintaining  a  constant  current,  and  we  both  sought  for  the  food  chiefly 
in  tow-net  collections.  Our  success  was  also  much  about  the  same,  a 
few  individuals  being  kept  alive  for  a  considerable  length  of  time ;  but 
the  advance  in  development  that  these  reached  was  very  small.  Although 
these  experiments  were  advances,  and  in  the  right  direction,  it  was  evi- 
dent that  something  of  importance  was  lacking  with  the  arrangements, 
that  accounted  for  the  sickly  and  abnormal  state  of  the  fry. 

*  Beretning  for  femaaret,  1883-88.   Arendal,  1889.     hth  Annucd  Report  Fishery 
Board,  Part  III.  1886. 
t  Jour,  Marine  Biological  Ass,^  New  Series,  vol.  ii.,  No.  3,  May.     1892, 
t  Jour.  Marine  Biological  Ass.,  New  Series,  vol.  iii.  No.  8. 
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Below  I  shall  mention  what  should  principally  be  considered  in  rear- 
ing experiments  with  larvsB  from  pek^c  fish  eggs.  It  seems  strange 
that  a  fish  in  the  post-larval  stc^e  should  be  so  dif&cult  to  keep  in  con- 
finement^ while  the  preceding  and  following  stages  offer  no  difficulty.  It 
has  been  said,  but  without  good  foundation,  that  the  difficulty  lies  in 
the  supply  of  food  alone  and  sufficient  currents  of  water ;  but  it  will  be 
shown  kiter  that  the  question  of  water  is  rather  secondary,  and  that  the 
food  can  be  procured  without  the  least  trouble.  In  fact,  when  the  water 
for  the  rearing-jar  or  tank  is  taken  direct  from  the  sea,  it  is  difficult  to 
avoid  having  forms  of  suitable  food  present.  But  the  quantity  of  food 
would  have  to  be  increased  artificially  according  to  the  number  of  larva 
present.  The  principal  points  are — (1)  The  water  arrangements ;  (2)  The 
question  of  light ;  (3)  The  temperature  ;  and  (4)  The  food. 

An  important  point  is  the  question  whether  or  not  a  constant  current  of 
water  should  be  employed.  A  stop  was  put  to  my  most  successful  experi- 
ment in  1894  by  an  overflow  carrying  away  the  fry,  which  were  all  lost. 
This  time,  therefore,  I  thought  that  the  constant  current  of  water  through 
the  jar  might  be  avoided.  It  is  doubtful  whether  the  passing  of  perhaps 
ten  or  twenty  times  more  water  through  the  jar  than  is  necessary  for  the 
fry  is  of  any  use-— a  small  number  of  larval  fishes,  such  as  are  yet  nourished 
by  the  yolk,  will  thrive  in  a  small  quantity  of  water  for  days,  providing  the 
air  is  not  artificially  forced  out  by  an  increased  temperature.  And  the 
same  is  the  case  with  young  flat-fishes  after  they  have  passed  the  transfor- 
mation. So  it  is  difficult  to  see  why  similar  circumstances  should  not 
suit  this  intermediate  post-larval  stage  equally  well.  The  constant  current 
is  clearly  not  necessary  for  the  supply  of  air.  In  a  hot  season  a  con- 
stant run  of  cold,  perhaps  artificially  cooled  water,  would  be  a  means  of 
keeping  the  temperature  down  as  desired ;  but  this  may  be  done  equally 
well  by  less  injurious  precautions. 

There  is  now  left  the  third  point,  that  may  be  put  forward  in  support 
of  the  necessity  of  the  constant  water  supply,  namely,  thai  tlie  regular 
current  has  always  been  found  tolincrease  the  activity  of  tlie  fry.  This  is 
undoubtedly  so ;  the  fry  are  always  found  more  *  vivid '  in  appearance  when 
the  water  is  in  movement,  than  when  quiet.  In  the  hatching-boxes,  a 
certain  amount  of  current  is  always  found  satisfactory  and  necessary  for 
the  welldoing  of  the  fry.  But  it  is  to  be  remembered  that  a  great 
number  (perhaps  a  quarter  of  a  million  or  more)  of  newly-hatched  larvae 
in  this  case  are  crushed  into  the  narrow  capacity  of  about  one  cubic  foot 
of  water.  And  as  these  fry,  at  this  early  stage,  are  nursed  from  the  yolk 
and  therefore  take  no  active  part  in  feeding,  no  attention  can  be  derived 
from  the  latter  in  the  perpetual  activity  on  the  part  of  the  fry  when 
striving  against  the  constant  currents.  These,  again,  are  of  great  advan- 
tage in  preventing  the  fry  from  accumulating  in  great  crowds,  which 
naturally  prove  fatal  to  a  great  number  of  them ;  they  are  simply  suflb- 
cated  in  the  crush.  And  the  perfect  condition  of  the  fry  when  turned 
out  from  the  hatchery  shows,  that  this  exposure  to  the  currents  in  the 
apparatus  has  done  no  harm.  In  a  rearing  experiment  such  crowding 
can  be  avoided,  and  matters  are  diflerent  as  the  young  larva  has  then 
got  to  look  for  and  catch  its  own  food.  When  a  constant  circulation  is 
maintained  in  a  small  jar,  the  small  organisms  which  the  larvse  require 
for  nourishment  are  sure  to  be  pressed  against  the  outlet  side,  and  thus 
be  drawn  away  from  the  attention  of  the  larvae. 

But  I  have  found  that  a  slight  movement  in  the  water,  whether  con- 
stant or  not,  is  desirable,  as  it  will  always  increase  the  activity  amongst 
food  organisms  that  otherwise  remain  quiet.     Such  a  movement  may 
easily  be  arranged  artificially. 
AC 
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During  my  experiment  last  summer,  I  obtained  iBMt  satisfactory 
movements  in  the  water  through  the  eSkci  of  variations  in  the  tempera- 
ture of  the  surrounding  air.     ^ee  description  of  the  arrangements.] 

Another  point  in  connection  with  the  water  supply  is  the  filtration, 
which,  if  thoroughly  applied,  will  remove,  perhaps,  all  organic  and  inor- 
ganic matters,  leaving  the  water  as  a  pure  and  simple  solution  of  salts. 
There  may  be  no  harm  in  this  when  food  is  put  in  artificially,  and  it  cer- 
tainly offers  conveniences  in  several  ways.  But  for  rearing  purposes  1 
find  that  unfiltered  water  that  is  relatively  free  from  decomposing  organic 
substances  is  all  that  is  wanted. 

The  answer  to  the  question  whether  the  presence  of  abundant  light  or 
occasional  exposure  to  the  direct  rays  of  the  sun  is  of  importance  to  the  de- 
velopment of  larval  and  post-larval  fish  produced  from  pelagic  eggs  is 
given  by  nature  herself.  In  the  sea  the  eggs  of  a  plaice,  for  instance,  are 
developed  near  the  surface  in  full  exposure  to  the  daylight.  The  larval 
stage  (during  the  absorption  of  the  yolk)  is  also  passed  much  in  the  same 
level,  and  though  the  post-larval  fish  may  occasionally  be  found  at  a 
greater  depth,  I  think  I  am  safe  in  saying  that  this  stage  should  also  be 
called  a  pelagic  one.  And  since  this  early  development  is  accomplished  by 
nature  in  the  full  light  of  da)*,  it  would  be  a  simple  waste  of  energy  even 
to  attempt  a  rearing  experiment  in  a  dull  or  much  shadowed  place  in  a 
laboratory. 

In  accordance  with  this,  it  is  a  long  recognized  fact  in  hatcheries  that 
such  apparatus  give  by  far  the  best  result  that  are  most  abundantly  sup- 
plied with  light.  The  presence  of  abundant  light  is  of  importance  for  the 
well-doing  of  the  larvae  directly,  and  it  also  has  a  marked  effect  upon  the 
minute  organisms  that  compose  their  food;  but  experiments  are  still 
required  to  show  to  what  extent  a  dull  light  would  be  effective. 

It  is  well  known  that  a  high  temperature  increases  the  rate  of  growth 
of  the  embryonic  and  larval  fish,  and  it  is  therefore  only  reasonable  to 
suppose  that  the  chances  of  success  in  a  rearing  experiment  with  the  post- 
larval  stage  would  be  increased  relatively  as  the  time  was  shortened.  And 
we  know  that  eggs  and  young  larvae  are  also  able  to  resist  considerable 
changes  in  the  temperature.  But  this,  of  course,  is  limited ;  and  it  must 
be  remembered  that  in  a  rearing  experiment  the  circumstances  have  also 
to  be  made  suitable  for  the  living  food.  The  various  species  of  food  fishes 
will  here  appear  more  or  less  different,  so  it  will  be  necessary  to  experi- 
ment with  each  of  them  separately  in  order  to  be  able  to  give  even 
approximate  figures  for  the  most  suitable  temperatures.  With  the  plaice 
I  found  it  risky  to  allow  the  temperature  to  rise  above  WO  when  dealing 
with  the  post-larval  stage,  while  it  is  known  that  the  same  fish,  after  the 
transformation  has  taken  place,  will  thrive  well  in  much  hotter  water. 

What  has  now  been  said  respecting  the  water  supply,  the  influence  of 
light  and  a  high  temperature  on  the  success  of  rearing  experiments  on  a 
small  scale,  is  also  proved  by  the  success  of  my  ex[)eriments  in  1896,  of  which 
I  shall  now  give  an  account  The  question  of  food  can  then  be  more  con- 
veniently dealt  with. 

The  apparatus  and  arrangements  employed  for  the  I'earing  experiment 
were  very  simple.  As  a  rearing-jar,  a  large  carboy-shaped  glass  vessel  was 
used,  witii  a  diameter  of  20  inches  ;  it  was  a  little  flattened  at  the  bottom, 
and  18  inches  deep ;  the  opening  of  the  neck  was  9  inches.  This  vessel 
or  jar  was  placed  in  a  shallow  tub,  filled  with  sand,  so  that  its  bottom  was 
evenly  supported  all  round  to  a  height  of  about  three  or  four  inches,  and 
it  was  placed  at  a  height  of  about  two  feet  above  the  floor,  near  a  comer, 
having  a  window  on  each  side  four  feet  distant  from  the  jar ;  one  window 
faced  to  north  and  the  other  to  east.    Light  was  supplied  from  the  back 
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throagh  more  distant  windows  in  the  hatchery.  The  supply  of  light  was 
therefore  good,  and  any  part  could  in  the  daytime  be  closely  examined 
without  interfering  with  the  fry. 

The  water  supply  was  taken  direct  from  the  harbour,  and  was  in  no 
case  filtered.  Heavy  sediment,  bits  of  sea-weed,  etc,  were  easily  separ- 
ated out.  The  jar  was  filled  to  a  height  of  about  ten  inches,  or  a  little 
above  the  middle,  and  would  contain  about  ten  gallons.  The  water  was 
generally  renewed  once  a  day,  or  twice,  if  the  weather  was  hot,  in  order 
to  prevent  the  temperature  rising  too  high,  which  was  ii^'urious  to  the 
fry  and  the  living  food. 

There  were  therefore  no  currents  similar  to  those  produced  by  a  constant 
run,  but  all  the  same  the  water  in  the  jar  was  perhaps  never  at  rest 
During  most  part  of  the  day  the  temperature  of  the  water  was  kept  below 
that  of  the  surrounding  air.  The  consequence  was,  that  the  glass  sides 
got  heated  first,  and  transferred  this  heat  to  the  nearest  layer  of  water. 
This  would  expand  as  its  temperature  increased,  and  consequently  rise  to 
the  top,  being  always  replaced  with  water  from  the  lower  and  inner  parts 
of  the  jar,  where  the  temperature  was  lower.  This  led  to  a  constant 
movement  upwards  of  the  water  nearest  the  glass  sides  in  the  daytime, 
and  it  was  particularly  vivid  when  the  sun-rays  were  allowed  to  strike 
the  jar. 

On  the  6tii  of  May  the  first  experiment  was  begun  when  plaice  larvae, 
eight  days  old,  which  had  just  absorbed  the  yolk,  were  placed  in  the 
rearing  jar.  Natural  food  was  provided  by  tow-net  collections  from  the 
harbour,  containing  small  organisms  that  were  likely  to  suit  Some  of  the 
larvas  soon  began  to  feed.  When  they  were  sixteen  days  old  it  was  necessary 
for  me  to  leave  the  station,  and  on  my  return  I  found  the  larvsB  all  dead  ; 
food  had  been  properly  supplied  during  my  absence,  and  I  am  incUned 
to  think  that  an  excessively  high  temperature  was  the  cause  of  death. 
During  the  sixteen  days,  a  few  of  the  larvie  had  attained  a  considerable  size 
and  advance  in  development,  as  will  be  seen  from  PL  IV.  fig.  2. 

Though  the  larvae  died,  this  first  attempt  was  encouraging,  and  gave 
good  prospect  of  success,  and  another  hatch  was  started  soon  after  witii  the 
same  arrangements.  The  plaice  eggs  had  been  artificially  fertilized  on 
April  28th,  and  hatched  on  the  9th  to  the  11th  May.  Most  of  the  larvsB 
had  the  yolk  absorbed  on  the  18th,  when  they  were  placed  in  the  rearing 
jar.  Tow-net  collections  from  the  harbour  were  supplied  twice  a  day,  and 
the  water  was  at  first  changed  at  the  same  time.  About  1200  larvse  were 
put  into  the  jai*,  and  they  soon  divided  themselves  into  three  different 
classes: — (1)  the  majority  remained  persistently  swimming  near  the  surface, 
with  the  head  touching  the  water  line  and  the  body  forming  an  angle  with  the 
latter  of  from  30'  to  46'. 

These  larvas  paid  no  attention  to  the  food, — if  they  touched  against 
anything  they  would  swim  frightened  away,  and  showed  more  activity  than 
ever.  Though  originally  richly  pigmented  (which  I  consider  a  sign  of 
well-doing),  they  gradually  became  pale,  and,  giving  up  this  first-men- 
tioned peculiarity,  they  soon  joined  the  second  class,  (2)  pale  and  thin 
individuals,  that  occasionally  made  an  attempt  to  catch  small  crusta- 
ceans that  appeared  near  them.  They  generally  remained  very  quiet, 
and  were  mostly  near  to,  or  on,  the  bottom,  resting  on  their  bead  ;  in  all 
cases  their  head  was  inclined  to  drop  downwards  as  soon  as  the  body  was 
at  rest* 

*  This,  I  think,  is  an  old  experience  amongst  investigators  on  this  subject,  but 
has  been  explained  differently.  Guided  by  an  experiment,  I  suj^cated  in  1894  [F, 
B,  \Wh  An.  Hep,,  Part  III,,  page  216],  that  this  sickly  state  of  the  fry  with  the 
above-mentioned  tendencies,  was  due  to  want  of  currents  ;  and  later  Prof.  Mcintosh 
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Larvse  of  this  second  class  are  in  reality  in  an  unhealthy  condition,  and  I 
have  never  found  any  food  in  their  stomachs. 

I  am  not  yet  certain,  but  there  is  reason  to  think  that  these  two  classes 
of  larvae  in  reality  had  been  starving  while  in  the  hatching  apparatus, 
where  they  perhaps  were  retained  rather  long. 

(3)  The  third  class  of  fry  in  the  rearing  jar  formed  the  minority  ;  they 
had  a  healthy  appearance,  and  were  richly  pigmented.  They  were  seen 
at  all  levels,  as  a  rule  swimming  slowly,  and  were  always  looking  for 
food.  This  they  did  so  intently  that  hardly  any  object  in  the  water  was 
passed  unobserved. 

Tenth  to  Fifteenth  day  after  Hatcldng, 

Though  appearing  at  all  parts  of  the  jar,  these  feeding  larvae  were  chiefly 
found  in  places  where  the  living  food  most  accumulated,  viz. :  at  the  side 
nearest  the  w  ndow,  where  the  light  was  strongest.  The  food,  as  men- 
tioned, consisted  of  tow-net  collections  from  the  surface  of  the  harbour, 
taken  at  all  states  of  the  tide.  These  collections  varied  in  richness,  ac- 
cording to  the  weather,  but  I  never  failed  to  get  multitudes  of  diatoms, 
larval  and  adult  crustaceans  (chiefly  copepoda),  and  larval  mollusks,  etc. 

Although  the  feeding  fry  pay  attention  to  perhaps  anything  suspended 
in  the  water,  living  or  dead,  only  few  forms  were  eaten  at  the  time.  The 
first  food  found  in  their  stomachs  was  as  follows  :— (1)  Diatoms  {Guin- 
ardia  flaccida)^  a  commonly  occurring  form  ;  (2)  A  small  larval  mollusk 
(Bttccinuml),  measuring  0*16  mm.  in  length  and  0'112  mm.  in  breadth 
(PL  I.  fig.  11).  The  mollusk  was  found  three  or  four  times  more  frequently 
than  the  diatoms,  and  it  is  noteworthy  that  I  in  no  case  found  both  forms 
in  the  same  specimen  at  the  same  time.  However  well  filled  the  stomach 
was,  its  contents  in  this  earliest  post-larval  stage  were  almost  without  excep- 
tion one  thing  only.  It  seemed  as  if  the  young  fish  had  become  familiar 
with  one  particular  kind  of  food,  and  took  that  alone  for  some  time.  But 
as  different  individuals  fix  upon  different  forms,  there  is  no  reason  to 
conclude  that  one  kind  of  food  alone  was  of  vital  importance. 

The  larval  stage  of  the  plaice  (from  the  time  of  hatching  till  the  yolk 
is  absorbed)^  has  been  described  by  several  authors;  M'Intosh  and 
Prince, t  Cunningham,  ^  Fullarton,§  Ehrenbaum,||  and  others. 

There  is  some  difference  between  the  various  authors  in  respect  to  the 
size  of  the  plaice  at  the  end  of  the  larval  stage,  due  no  doubt  to  the  varia- 
tion in  the  size  of  the  egg,  and  my  observations  are  in  near  correspond- 
ance  with  those  of  Ebenbaum ;  he  gives  the  average  size  at  the  end  of 
the  larval  stage  as  7*5  mm.,  or  slightly  more  ;  while  I  have  found  the 
average  size  of  this  stage  to  be  7*2  mm.,  while  specimens  are  frequently 
found  that  measure  7*5  mm. 

expressed  the  same  view  with  reference  to  larval  turbot  [F,  B  l^th  An.  Rep.f  Part 
IILf  page  229].  This  appears  to  be  the  case  during  the  first  few  days  of  the  post- 
larval  stage,  to  which  the  experiments  were  confined ;  but  I  now  doubt  whether 
this  somewhat  artificially  produced  activity  will  ever  prove  beneficial  to  the 
rearing  fry. 

*  While  Cunningham,  and  lately  Ehrenbaum,  appljr  the  term  'larvce'  to  the 
young  fish,  fi*om  the  moment  of  hatching  till  it  has  acquired  the  form  and  habit  of 
the  adult,  M'Intosh  has  divided  this  period  into  two  stages— the  larval,  fix>m  hatch- 
ing till  the  absorption  of  the  yolk  is  completed,  and  post- larval,  fi^m  this  time  till 
the  adult  form  appears.  The  latter  is  at  least  the  most  definite,  and  has  been 
followed  in  this  paper. 

+  Trajis.  Hoy,  Soc,  Edin,,  voL  xxxv.  part  iii.,  1SS7-8S,  p.  840. 

t  Trans.  Roy,  Soc.  Edin.,  vol.  xxxiii.  part  L,  1887,  p.  92. 

S  Ninth  Annual  Report  of  Fishery  Boards  part  iii.  1890,  p.  311. 

II  Eier  und  Larven  von  Fisehen  der  dexUschen  Bucht,  Keil  and  Leipzig,  1897. 
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The  general  characters  at  the  end  of  the  larval  stage  of  the  plaice  may 
be  summed  up  as  follows  : — ^The  larvae  is  large,  compared  with  others 
originating  from  pelagic  eggs ;  the  eyes  prominent,  with  a  golden  lustre 
(in  reflected  light) ;  embryonic  fin  broad,  with  slight  black  pigment  spots 
on  the  ventral  side ;  pectorals  large ;  and  the  gut,  which  at  the  time  of 
hatching,  forms  a  single  lobe,  is  now  divided  into  two  parts,  of  which  the 
foremost  or  middle  gut  is  forming  a  single  sling.  This  is  more  complete 
and  distinct  a  few  days  later.  The  general  pigmentation  of  the  larva  is 
bright  yellow,  with  a  few  black  spots,  particularly  on  the  ventral  side. 
Cimningham  mentions  three  rows  of  pigment  along  the  body ;  these  are 
more  prominent  later.  These  characters  remain  nearly  unchanged  during 
the  first  seven  days  of  the  post-larval  stage ;  the  chief  difference  being  a 
rapid  growth  of  the  pectorals,  and  an  increase  of  black  pigment,  which 
hsa  now  become  stellated,  particularly  in  the  lateral  line  of  the  body  j  and 
the  pigmentation  in  general. has  spread  more  to  the  embryonic  fin. 

Sixteenth  to  Twentieth  dan  ^fl^  Hatching, 

The  active  larvae  that  first  appeared  at  the  surface,  had  in  this  period 
begun  to  quieten,  got  paler  in  pigmentation,  more  inclined  to  rest  with 
the  head  downwards,  and  some  of  them  died. 

Those,  again,  that  had  been  feeding  from  the  beginning  continued  to  do 
so ;  they  were  always  actively  in  search  for  food,  which  they  captured  with 
great  voracity.  Having  discovered  a  prey,  the  larvae  would  approach  it 
slowly  to  within  1  or  1*5  mm.,  when  it  would  contract  [its  body  laterally, 
forming  part  of  an  S,  and  then  suddenly  throw  itself  forward,  catching 
the  object  instantly.  Another  form  of  larval  mollusk  was  now  commonly 
seen  in  the  stomachs,  a  little  larger  than  the  one  first  mentioned  (fig.  12). 
The  stomach  of  fig.  1  shows  how  greedily  this  specimen  had  been  feeding 
on  this  particular  form.  The  young  larvae  were  often  seen  to  catch  various 
forms  of  larval  crustaceans;  these,  however,  were  not  found  in  the 
stomachs  at  this  period,  so  they  had  not  been  swallowed.  Often  I  had  an 
opportunity  of  observing  how  well  armed  forms  were  captured  and  then 
again  rejected  with  violence. 

At  the  end  of  this  period  most  of  those  larvae  had  died,  that  from  the 
beginning  showed  the  mentioned  peculiar  symptoms  and  never  took  food ; 
while  the  mortality  amongst  the  feeding  ones  was  very  low. 

On  the  17th  day  the  average  length  of  three  specimens  was  7*40  mm., 
and  the  average  breadth  of  same  1*44  mm.  On  the  nineteenth  day  I  found 
one  specimen  8  00  mm.  long  and  152  mm.  broad  (measured  just  behind 
the  gut).  The  difference  from  the  previous  period  consists  chiefly  in  a 
further  increase  in  the  black  stellate  pigment,  which  has  now  spread  mort 
evenly  over  the  body,  partly  covering  the  original  yellow  pigmentation  j 
the  appearance  of  the  larvae  now  is  therefore  a  faint  yellow-greyish  colour. 
Only  a  few  black  pigment  spots  are  seen  on  the  dorsal  marginal  fln,  while 
the  ventral  part  of  the  body  and  fin  is  reachly  covered  with  them ;  very 
prominent  is  a  row  of  black  stellate  pigment,  which  extends  ventrally 
from  near  the  snout  backwards,  along  the  abdomen  and  the  edge  of  the 
marginal  fin ;  it  extends  over  four-fifths  of  the  length  of  the  whole  fish. 
Anterior  to  the  posterior  end  of  this  pigment  row  is  noticed  an  even 
development  in  breadth  and  thickness  of  the  body,  which  now  appears 
denser  than  before ;  the  posterior  portion  has  remained  thin,  and  a  dis- 
tinct narrow  or  tapering  is  therefore  now  formed  on  the  body  at  this 
place. 

The  tail  has  remained  unchanged  (homocerc),  and  there  is  no  appear- 
ance of  fin  rays. 
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The  eyes  are  radiant  and  with  a  bright  silvery  hue,  which  makes  them 
very  prominent  Most  of  the  vertebra  are  now  distinct  and  the  clavi- 
cular bones  prominent. 

Twenty-first  to  Twenty  fifth  day. 

When  changing,  the  old  water  in  the  jar  was  removed  by  means  of  a 
syphon  ;  to  the  end  of  this  was  fixed  a  large  glass  filler,  across  the  open- 
ing of  which  was  tied  a  piece  of  fine  cloth,  so  that  food  or  fry  should  not 
be  carried  away.  The  latter  remained  in  the  jar  constantly,  and  some 
water  would  therefore  always  be  left  each  time.  And  while  the  upper 
part  of  the  glass  sides  could  be  properly  cleaned  daily,  the  bottom  had 
gradually  become  covered  with  accumulating  sediment  from  the  tow- 
nettings.  In  this  sediment  was  soon  gathered  a  great  number  of  crusta- 
ceans and  larval  molluscs,  and  during  this  period  the  fry  were  frequently 
found  at  or  near  the  bottom,  though  they  were  never  seen  resting  on  the 
latter. 

Now  I  also  found  that  the  larvce  took  a  greater  variety  of  food,  the  addi- 
tion chiefly  consisting  in  minute  larval  forms  of  crustaceans.  It  was  diffi- 
cult to  come  across  well-preserved  specimens  without  killing  larger  numbers 
of  larvsB  than  was  advisable  at  the  time,  but  I  have  figured  some  forms  as 
they  appeared  in  the  stomach  of  the  living  fish  (figs.  1 3  and  1 4).  I  mentioned 
that  during  the  previous  stage  the  larvse  often  caught  hold  of  well-armed 
(and  sometimes  rather  large)  forms  of  crustaceans,  which  they  could  not 
swallow.  During  this  period  this  was  especially  the  case  with  Evadne 
Nordmanni  (fig.  15),  and  a  similar  form,  Podon  polyphemoides^  the  former 
particularly  being  very  abundant  at  that  time.  I  often  observed  how  a  fish 
would  repeatedly  catch  hold  of  one  of  those  and  give  it  away  again.  But, 
with  perhaps  rare  exceptions,  I  never  found  remains  of  these  forms 
amongst  the  food  till  in  the  next  period. 

WMle  feeding  chiefly  on  larval  molluscs  in  the  early  stages,  the  stomachs 
of  the  young  larvae  had  a  dense  and  sometimes  slightly  pale  yellowbb 
appearance.  Later  this  colour  became  more  vivid,  and  changed  into  dark 
brown,  when  the  fry  began  to  feed  more  freely  on  crustaceans. 

During  this  period  all  those  larvse  had  died  that  did  not  take  food 
from  the  beginning,  while  the  others  were  constantly  in  search  for  food. 
It  may  be  noticed  that  the  latter,  during  the  whole  post-larval  stage, 
moved  about  evenly  and  in  a  horizontal  position. 

At  the  end  of  this  period,  the  25th  day  after  hatching,  the  average  size 
of  the  larvae  was  7*84  mm.  long  and  1*6  mm.  broad.  The  growth,  as  will 
be  seen,  was  still  small,  but  relatively  largest  in  breadth.  This  gave  the 
fish  a  stronger  and  more  vigorous  appearance. 

The  black  stellate  pigmentation  had  still  increased,  and  spread  more 
evenly  over  the  marginal  fins,  though  richest  on  the  ventral  part.  The 
posterior  extreihity  of  the  tail  is  still  pigment  free,  but  this  portion  has 
now  been  shortened  from  one-fifth  to  about  one-seventh  of  the  length  of 
the  larvse,  and  the  tail  is  losing  its  original  homocerc  character,  as  the 
end  of  the  spine  is  slightly  bent  upwards.  On  the  ventral  side  of  this 
partly  heterocerc  tail  are  seen  a  few  radiant  elevated  lines — the  first 
formation  of  caudal  fin  rays  (compare  fig.  2.) 

2Uh  to  ZOth  day. 

During  this  period  the  majority  of  the  larvae  were  feeding  near  the 
bottom ;  only  a  few  had  remained  all  the  time  at  the  higher  level,  and 


Digitized  by 


Google 


of  the  Fishery  Bomdfor  Scotland.  183 

were  easilj  distinguished  from  the  rest  by  the  light  colouration  of  their 
food. 

It  was  first  now  that  the  larvae  were  able  to  cope  with  EvadnSy  which 
SQon  became  the  principal  food.  It  was  not,  however,  so  easily  deter- 
mined what  crustacean  those  remains  originated  from  which  I  found  in 
the  stomachs.  I  have  figured  some  forms  of  them  (fig.  16)  just  as  they 
appeared  after  being  spread  out  under  a  cover-glass.  Amongst  the 
bundles  of  small  limbs  and  spines  there  were  invariably  patches  of  a 
black  substance,  which  apparently  had  not  been  influenced  by  the 
digestive  process  in  the  fish.  Through  experiments  with  Evadne  I 
found  that  its  large '  black  eye '  took  such  an  appearance,  and  was  further 
satisfied  in  the  identification  by  closer  comparison  of  the  limbs. 

The  larger  part  of  the  body  of  Evadne  n  almost  transparent,  but 
denser  than  the  water,  so  that  the  light  is  refracted  when  passing  it ;  this 
gives  the  crustacean  a  great  resemblance  to  a  glass-bowl  or  an  air-bubble ; 
and  it  is  here  of  interest  to  remember  my  observation  on  the  plaice  larvae 
in  1894  {Twelfth  Annual  Report,  Fishery  Board,  Part  III.,  p.  216). 

Air  had  been  forced  into  the  water  artificially,  and  minute  bubbles  that 
had  been  retained  in  the  water  were  swallowed  by  the  young  fishes  to 
such  an  extent  that  the  accumulated  air  in  the  stomach  ultimately  killed 
such  individuals.  The  same  air-bubble-like  part  of  Evadne  seems  to  be 
readily  digested  in  the  stomachs  of  the  post-larval  plaice,  as  1  always 
failed  to  see  remains  of  it  amongst  the  food. 

Another  form  of  molluscs  was  also  common  now  amongst  the  food, 
namely,  larval  Scrohicularia  alba  (fig.  17),  of  which  four  to  six  specimens 
were  sometimes  found  in  one  stomach.  Of  additional  forms  of  crusta- 
ceans, I  observed  acopepoda,  Calanus  Jinmarchicm. 

On  the  30th  day  an  average  specimen  measures  9 '40  mm.  in  length  and 
1*91  mm.  in  breadth.  The  increase  in  size  during  this  period  was  there- 
fore greater  than  in  any  previous  period ;  and  the  general  development  of 
the  larvas  had  also  proceeded  more  rapidly  than  before. 

Most  noticeable  was  the  increased  number  of  caudal  fin-rays,  which  had 
also  appeared  on  the  dorsal  part  of  the  now  much  more  heterocercal-tail. 
About  one  dozen  spinal  processes  had  developed  ventrally  on  the  posterior 
half  of  the  spine,  and  a  few  more  on  the  dorsal  side.  No  rays  were  yet 
seen  in  the  marginal  fins.  The  yellow  pigment  was  chiefly  confined  to  a 
row  or  line  following  the  base  of  the  dorsal  marginal  fins,  while  the  latter 
had  got  a  broad  line  of  black  stellate  pigment  along  the  edge  on  its  pos- 
terior half.  The  lateral  line  was  now  also  prominently  marked  with 
black  pigment,  while  the  latter  as  before  was  richest  on  the  ventral  side 
of  the  body  and  on  the  ventral  fin.  A  few  brick-red  pigment  corpuscles 
had  appeared  along  the  base  of  the  marginal  fins. 

31«/  (o  35th  day. 

The  fry  were  now  mostly  all  feeding  at  the  bottom  amongst  the  con- 
stantly increasing  quantity  of  living  and  dead  organisms,  and  the  contents 
of  the  stomachs  were  coloured  brown  or  black.  It  is  difficult  to  say 
whether  the  larvae  took  any  dead  food  at  all,  or  adhered  to  such  alone 
that  was  alive.  There  is  reason  to  believe  that  living  food  is  the  most 
natural  for  them,  or  at  least  suitable,  judging  from  the  smartness  and 
ability  exhibited  on  the  part  of  the  fry  in  pursuing  quickly  moving  forms,  and 
considering  circuipstances  in  the  sea,  where  the  post-larval  stage  is  supposed 
to  be  spent  in  the  higher  levels,  at  least  away  from  the  bottom,  dead 
forms  of  crustaceans,  etc.,  will  seldom  be  met  with  jn  nature.  But  while 
living  fprms  appear  the  most  natural,  I  would  consider  it  quite  possible 
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that  the  larvee  could  be  reared  saccessfully  on  dead  matters  of  a  more  or 
less  artificial  origin. 

Kew  forms  of  food  were  occasionally  observed ;  of  larval  molluscs,  I 
have  figured  two  specimens,  which  to  all  appearance  were  larval  Gastropods 
(figs.  18  and  19).  A  new  crustacean  was  also  now  seen  in  the  stomachs 
(fig.  20),  but  from  the  best  preserved  specimen  which  is  figured,  it  is 
difficult  to  recognize  the  species.  There  is  reason  to  think  it  is  also  a 
larval  form. 

The  more  rapid  progress  in  development  that  was  observed  in  the  pre- 
vious period  was  continued  during  this,  and,  if  anything,  increased. 

An  average  sample  measured  9*64  mm.  in  length,  and  2*16  mm.  in 
breadth.  The  latter  increase  shows  how  the  larvee  were  now  gradually 
getting  broader  compared  with  the  length  (fig.  3). 

The  posterior  extremity  of  the  spine  had  now  begun  to  decrease  in  size 
and  bend  more  upwards  (dorsally),  while  the  ventral  portions  of  the  tail 
had  been  much  broadened. 

The  number  of  cordal  spines  had  much  increased,  and  dorsal  and 
ventral  fin-rays  were  present.  The  position  of  the  stomach  was  changed, 
as  the  sling  of  the  mid-gut  had  developed  more  in  dorsal  and  ventral  direc- 
tion than  posteriorly.  The  anus  was  therefore  now  situated  relatively 
more  anterior  than  in  the  earlier  stages. 

The  left  eye  appeared  at  this  time  in  a  more  anterior  and  dorsal  posi- 
tion than  the  right,  but  the  larvsB  showed  no  other  sign  of  transformation. 
The  pigmentation  was  of  a  fainter  appearance  than  in  the  previous  stage ;  a 
large  number  of  brick-red  spots  were  scattered  evenly  over  the  body  and 
mixed  with  the  black  pigment,  but  it  had  not  appeared  on  the  fins.  The 
black  pigment  alone  extended  over  the  caudal  fiji. 

ZUh  to  VHh  day, 

I  have  mentioned  already  how  deposit  from  the  tow-nettings  had 
accumulated  at  the  bottom  of  the  jar,  and  that  the  larval  plaice  found 
abundant  food  there.  By  this  time  young  jellyfish  occurred  in  the  tow- 
nettings,  and  some  had  been  allowed  into  the  jar.  They  ultimately  died, 
and  sank  to  the  bottom  where  they  decomposed.  The  consequence 
was  that  some  larvae,  in  one  way  or  another,  got  such  matters  amongst 
their  food  and  were  quickly  killed ;  I  lost  several  good  specimens  in  this 
way  before  this  deposit  could  be  removed.  The  JSvadne  continued  as 
one  of  the  principal  forms  of  food ;  in  fact,  I  never  found  a  larvse  with- 
out it  at  this  time.  In  the  gut  of  one  specimen  I  counted  remains  of  ^vey 
while  the  stomach  itself  contained  many  more.  Such  was  also  the  case 
with  Scrobictdaria  alba,  though  not  quite  to  the  same  extent.  Additional 
forms,  however,  were  often  seen.  I  have  figured  another  larval  crusta- 
cean (fig.  23)  which  has  not  been  identified.  Of  recognisable  forms  I  now 
commonly  found  amongst  the  food  the  following  copepoda : — Temora 
longicomis  (Muller),  Centropages  hamatus^  Acartia  longiremis  (Lillje- 
borg).  At  the  end  of  this  period  the  measurements  along  a  central  line 
were  as  follows  on  an  average-sized  specimen  (fig.  4) : — 

From  the  tip  of  the  snout  to  the  clavicular  bones,    •        .  2*82  mm. 
From  the  claviculae  to  a  vertical  line  touching  the  posterior 

curve  of  the  gut, 1  '92  mm. 

From  this  line  to  the  root  of  the  tail,        ....  5*20  mm. 

The  length  of  the  tail 1*52  mm. 

Total  length  of  larr»,    ,        ,        ,        ,        ,        .10*96  mm. 
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The  breadth  of  this  specimen  across  the  stomach  was  3*56  mm.,  while  a 
breadth  of  3*76  mm.  was  measured  more  posteriorly.  The  left  eye  had 
uow  advanced  further  upwards,  so  that,  when  viewed  laterally,  the  pupil 
was  seen  on  a  level  with  the  dorsal  outline  of  the  skull.  The  rays  in  the 
dorsal  and  ventral  marginal  fins  had  become  more  prominent  and  were 
developed  to  the  edges  of  the  fins,  while  the  tail  had  again  attained  a 
homocefc  appearance — the  iirostyle  being  bent  almost  vertical  dorsally. 
The  pigmentation  on  the  marginal  fins  was  now  arranged  in  radial  lines 
from  the  edges,  while  black  stellate  spots  formed  a  prominent  line  along 
the  root  of  the  same  fins  posteriorly.  This  was  particularly  prominent  on 
the  ventral  side,  where  the  line  extended  from  the  gut  to  the  root  of  the 
tail     Radiant  lines  of  black  pigment  were  also  present  on  the  caudal  fin. 

ilst  to  i5th  day. 

The  following  measurements  are  from  a  specimen  forty-two  days  old 
(second  day  of  the  present  period,  fig.  5)  : — 

From  tin  of  the  snoat  to  the  clavicular  bones,  .        .      8*04  mm. 

From  these  bones  to  a  vertical  line  from  the  posterior 

curve  of  the  gut,  .  .  .  •  •  •  •  .  1  '84  mm. 
From  this  line  to  the  root  of  the  tail,  •  •  •  ,5*92  mm. 
Length  of  the  tail,   ..••••••      1*60  mm. 

Length  of  the  larvae,      .•••••     12*40  mm. 


The  greatest  breadth  was  4*80  mm.  In  this  specimen  the  left  eye  had 
reached  the  dorsal  edge  of  the  skull,  and  the  pupil  was  directed  horizontally 
or  slightly  upwards.  The  dorsal  fin  had  not  yet  reached  the  eye.  A  few 
teeth  were  present  on  the  mandibular  bone,  and  a  projecting  fold  showed 
the  developing  pelvic  fins.  This  specimen  had  been  resting  fiat  on  the 
bottom  for  the  last  twenty-four  hours,  and  its  post-larval  stage  had  there- 
fore now  come  to  an  end.  Only  a  little  pigment  was  visible  on  the  left 
side,  while  on  the  right  side  it  had  become  more  systematically  arranged. 
Four  spots  or  patches  of  black  stellate  pigment  were  seen  on  the  body 
near  the  root  of  the  dorsal  fin,  and  a  fifth  was  developing  in  the  same 
line  near  the  tail  Two  similar  pigment  patches  were  present  on  the 
middle  of  the  body — the  anterior  just  behind  the  stomach,  and  a  i^osterior 
half-way  between  the  former  and  the  root  of  the  tail. 

On  the  45th  day  an  average  specimen  (fig.  9),  which  had  been  on  the 
bottom  for  three  or  four  days,  had  the  following  dimensions  : — 

From  tip  of  the  snout  to  the  clavicular  bones,  .        .        .4*0    mm. 
From  these  bones  to  a  vertical  line  touching 

the  posterior  curve  of  the  gut, 2*08  mm. 

From  this  line  to  the  root  of  the  tail,        .        .        .        .5*60  mm. 
The  toil, 2*08  mm. 


Length  of  larvffi,     *,.....    13' 76  mm. 
Greatest  breadth 6*40  mm. 

Beside  this  increase  in  size,  the  most  noticeable  difference  from  the  last 
specimen  described  was  an  increase  in  minute  pigment  spots,  evenly  spread 
over  the  right  side  of  the  body  and  fins.  The  left  eye  had  passed  the 
dorsal  line,  but  had  not  yet  reached  its  future  position.  The  marginal 
(dorsal)  fin  was  now  in  a  line  with  the  left  eye,  which  was  somewhat 
nearer  the  tip  of  the  snout  than  the  right.  There  was  no  noticeable 
advance  in  development  of  the  pelvic  fins. 
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The  po8t-lar7id  plaice  remained  swimming  on  the  edge  vertically  till  the 
left  eye  had  begun  to  move  upwards.  After  that  time  the  body  took  a 
more  and  more  sloping  position  as  the  eye  approached  the  edge,  and  it 
ajjpeared  as  if  the  Hght  and  left  eye  tcere  always  kept  on  a  harizofttaJ 
level  mth  one  another.  As  far  as  I  could  ascertain,  the  duration  of  this 
transformation  or  change  from  vertical  to  horizontal  position  of  the  body 
did  not  exceed  three  days  and  a  half.  , 

In  Table  I.  is  summed  up  some  of  the  principal  features  during  the  post- 
larval  development  that  have  been  recorded  in  the  previous  pages.  It  must 
be  observed  that  all  measurements  are  taken  from  what  was  considered  an 
average  specimen  at  the  different  times,  and  as  these  were  subsequently 
preserved,  I  had  not  an  opportunity  of  following  one  single  larva  all 
through  its  development  till  the  transformation  took  place. 

The  average  time  that  elapsed  from  the  hatching  till  the  transformation 
is  given  =  41  days  from  my  experiment,  but  the  duration  of  the  post-larval 
stage  varied  considerably.  The  shortest  time  recorded  was  37,  and  the 
longest  48  days.  [This  is  respectively  29  and  40  days  after  the  yolk  had 
been  absorbed.] 

Though  brought  up  under  somewhat  artificial  conditions,  I  find  that  the 
size  of  my  larvae  in  the  transforpiation  stage  corresponds  with  Petersen's 
(/.  c.y  93,  p.  1 26)  observations  made  on  the  Danish  east  coast  from  speci- 
mens captured  in  the  sea.  He  gives  the  average  size  at  the  termination 
of  the  post-larval  stage  as  10  to  11  mm.  It  appears  that  Holt  (Z.  c,  p. 
76-79)  on  the  Irish  coast  found  plaice  iii  the  transformation  stage  of  a 
similar  size  as  mine,  or  slightly  longer  (10  to  13  mm.),  while  Ehrenbaum 
{L  c,  p.  265)  has  recorded  post-larval  forms  measuring  from  13  to  17  mm., 
with  the  eye  still  looking  to  the  left.  Ehrenbaum's  observations  were 
made  on  specimens  captured  near  Heligoland.  The  smallest  sized  plaice 
that  he  found  on  the  bottom  measured  13*8  mm. 

From  Table  I. -it  will  be  seen  that  the  larvae  increased  little  in  size 
during  the  first  18  days  after  the  yolk  had  been  absorbed,  though  they  were 
taking  abundant  food,^nd  no  great  changes  of  appearance  were  observable 
during  this  period.  It  is  noteworthy  that  just  this  period  appeared  the 
most  difficult  for  them  to  pass.  But  as  soon  as  the  skeleton  began  to 
develop,  an  increase  in  growth,  and  particularly  in  breadth,  took  place,  and 
the  latter  was  especially  noticeable  during  the  transformation.  I  have 
observed  that  the  plaice  grows  very  quickly  soon  after  it  has  become 
stationary  on  the  bottom ;  and  this  seems  natural,  as  this  flat-fish  spends  its 
early  life  on  the  shallow  sandy  beaches,  where  the  temperature  of  Uie  water 
is  often  very  high. 

Before  closing  this  chapter  it  may  be  of  interest  to  review  the  records  of 
food  already  given  under  the  various  periods  into  which  the  post-larval 
stage  has  been  divided.  Ajs  will  be  seen,  diatoms  were  eaten  by  some 
larvae  during  the  first  days  of  this  stage,  while  a  greater  number  at  once 
began  to  feed  on  larval  molluscs.  Whether  these  had  previously  been 
feeding  on  diatoms,  and  were  eaten  by  the  fry  for  the  sake  of  the  latter,  I 
cannot  say,  but  do  not  think  it  at  all  probable.  It  was  clear  that  the 
living  diatoms  played  a  comparatively  small  part  as  an  article  of  nourish 
ment  to  the  larvae,  much  less  than  what  has  generally  been  anticipated. 
From  the  records  it  will  also  appear  that  relatively  few  forms  of  oiganisms 
were  eaten  of  the  many  present 

The  single  individuals  seemed  to  confine  themselves  to  one  or  two  forms 
at  the  time,   particularly  in  the  early  stages,  and  this  was  repeatedly 

*  Ehrenbaum  (/.  c,  p.  266),  fonnd  remains  of  diatoms  {Coscinodiseus  sp.), 
and  afterwards  remains  of  copepoda  in  some  stomachs  from  plaice,  in  the  later  part  of 
the  post-larval  stage.     These  larvte  had  been  captured  in  the  se^. 
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proved  from  the  contents  of  many  stomachs  that  were  examined.  It  was 
clear  that  the  larvea  had  heen  selecting  their  food,  and  I  had  also  the  oppor- 
tunity to  ascertain  that  the  motive  for  doing  so  was  not  a  question  of  size 
alone.  Infusoria,  for  instance,  occurred  in  abundance,  but  were  never 
found  in  any  stomach. 

In  the  later  part  of  the  post-larval  stage,  when  the  larvae  were  relatively 
large,  a  greater  variety  in  their  food  was  observed.  The  records  show 
how  various  adult  copepoda  were  then  eaten,  together  with  the  larval 
molluscs. 

Table  I. — Showing  some  Features  of  the  Post-larval 
Development  of  the  Plaice. 


Date. 


^% 


J3 

a 


>    V 


General  Features. 


May  18th.  '      8 


May  26th. 
May  27th. 


15 
17 


MaySOth. 

20 

7-44 

June    7th. 

25 

7-84 

i 

June    9th. 

30 

9-40 

mm. 

7*20       —       Larvae   symmetrical;    tail    homocerc ;  no  fin- 
rays  ;  yolk  absorbed. 

—        —    '  Larvffi  symmetrical ;  tail  homocerc  ;  no  fin-rays. 

7*40      1*44     Larvie    symmetrical;   tail  homocerc;    no  fin- 
rays  (fig.  1). 


June  14th. 

86 

June  19tb. 

40 

June  21st 

42 

June  24th. 

45 

7 '44      1*44  I  Larvffi  symmetrical ;  tail  homocerc  ;  no  fin-rays. 


1  *60     Larv88  symmetrical ;    tail  slightly  hetei-ocerc  ; 
first  appearance  of  caudal   fin-rays  (compare 
;      fig.  2). 

1'92     Larv£e  symmetrical ;  tail  heterocerc  ;  increased 
number  of  caudal  fin-rays  ;  first  appearance  of 
•      caudal  spines. 

2*16  Left  eye  has  got  a  more  anterior  and  dorsal 
position  ;  increased  number  of  caudal  spines, 
and  first  appearance  of  rays  in  dorsal  and 
ventral  fin  ;  tail  heterocerc  (fig.  8). 


9*64 


10-96 


12-40 


3-76 


4-80 


13-76      6-40 


Left  eye  near  dorsal  edge  of  the  skull ;  rays 
in  the  marginal  fins  further  developed  ;  tail 
again  homocerc  (fig  4). 

Left  eye  on  the  edge  of  the  skull  ;  first  appear- 
ance of  pelvic  fins  ;  larvae  remains  permanently 
on  the  bottom  ;  a  few  teeth  are  present  (fig.  i^; 

Left  eye  has  passed  the  ed^,  and  the  dorsal  fin 
is  in  line  with  the  posterior  edge  of  the  latter 

(fig.  9). 


Remarks  on  the  Egg,  Larva,  and  Post-Larva  of  Turhofy  and  on  the 
Larval  and  Post- Larval  Lemon  Sole. 

The  turbot  being  such  a  valuable  food-fish«  great  attention  has  been 
devoted  to  the  study  of  its  early  dovelopmeut,  But  soni^how  or  other  it 
has  been  difficult  to  obtain   the  necessary  materials  (viz.,  impregnited 
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eggs),  as  this  flat-fish  spawns  on  the  offshore  banks  at  a  considerable 
depth.  Several  forms  of  eggs,  obtained  in  tow-nets,  were  sucoesaiTely 
described  as  those  of  the  turbot^  the  misleading  features  being  chiefly  the 
correspondence  in  size  with  such  eggs  that  were  found  in  the  ovaries  of 
ripe  turbot. 

On  board  a  north  sea  trawler.  Holt  succeeded  in  getting  turbot  eggs 
that  had  been  fertilised  artificially,  and  he  was  thus  able  to  give  the  first 
description  of  the  development  of  this  egg  and  its  larva  {Jour,  Marine 
Biol,  Ass.,  vol.  ii.  p.  399). 

Later  (in  1893)  Canu*^  obtained  turbot  eggs  on  the  French  coast,  and 
was  able  to  supplement  Holt's  records. 

In  1895  M*Intosh  t  described  the  development  of  the  turbot  e^^  and 
particularly  the  larvae,  of  which  some  very  fine  coloured  drawings  were 
given. 

Ehrenbaum  }  has  later  described  and  figured  the  turbot  eggs  and  larvae 
at  Heligoland  Marine  Station. 

It  was  first  observed  by  Holt,  and  later  by  Canu,  that  the  turbot  egg 
sinks  to  the  bottom  when  the  embryo  is  formed.  I  have  found  the  same 
peculiarity  with  eggs  dealt  with  at  this  station,  and  I  am  able  to  sup- 
plement the  mere  statements  already  referred  to  by  records  of  some 
observations  that  I  made  on  eggs  while  developing  in  the  hatching  ap- 
paratus. 

The  turbot  eggs  had  been  artificially  fertilised  on  the  west  coast  (at 
Girvan)  and  sent  by  rail  to  Dunbar ;  on  arrival  here  the  development 
was  far  advanced  (in  the  multicellular  stage),  and  as  the  eggs  had 
been  much  exposed  to  changes  of  temperature  and  other  hardships,  I 
found  the  specific  gravity  so  much  affected,  that  records  of  it  were  mis- 
leading. But  I  have  reason  to  think  that  it  does  not  exceed  1024*5 
shortly  after  fecundation.  When  48  hours  old  I  found  the  specific 
gravity  increased  to  1026 '8  in  water  of  12**  G.  At  this  time  the  embryo 
reached  across  the  egg,  measuring  10  mm.  in  length.  Aiter  this  the 
turbot  egg  sinks  in  ordinary  surface  water ;  but,  as  I  have  never  found 
their  specific  gravity  to  exceed  1028  0,  these  eggs  will  not  sink  to  the 
bottom  where  the  sea  is  sufficiently  deep ;  perhaps  30  fathoms  or  more. 
This  circumstance  will  therefore  much  reduce  the  chances  of  the  turbot 
eggs  that  are  spawned  in  the  sea,  as  it  is  probable  that  most  of  those  eggs 
that  sink  down  and  rest  on  the  bottom,  will  succumb.  The  newly 
hatched  turbot  measures  about  3  0  mm. ;  it  has  a  hardy  appearance,  and 
is  richly  pigmented;  this  is  well  shown  in  Mcintosh's  fig.  11,  PI  VIII., 
where  the  true  brick-red  colour  is  represented.  The  larvae  grows  rather 
quickly  while  the  yolk  is  being  absorbed,  and  the  pigment  is  much 
increased,  particularly  along  the  seam  of  the  dorsal  marginal  fin.  The 
tail  remains  almost  free  from  pigment.  When  the  yolk  is  absorbed  the 
iarvsB  measures  about  5*0  mm.  in  length. 

During  the  last  season  (in  1896)  I  made  an  experiment  with  the 
rearing  of  turbot  during  the  post-larval  stage,  and  the  same  apparatus 
was  used  that  had  proved  so  successful  with  the  plaice.  A  couple  of 
dozen  larvae,  which  had  absorbed  the  yolk,  were  placed  in  the  jar,  and 
food  was  provided  as  before  by  tow-net  collections. 

During  the  first  three  days  the  larvae  appeared  at  all  levels  in  the  jar, 
and  were  eagerly  in  search  of  food.  Only  in  one  case  I  found  remains  of 
diatoms  in  the  stomachs  that  were  examined ;  the  form  observed  was  the 

*  Annahs  Station  Aquicole  di  Boulogne-sur-Mer. 
t  ThirteefUh  Annual  Report  of  tU  Fishery  Board,  Part  HI,  p.  227. 
X  Ekr  u.  Larven  v,  Fiseken  d,  deutschon  Btuht,,  p.  282.    Kiel  and  Leipzig, 
1W7. 
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same  as  I  had  previously  seen  in  the  plaice  {Ouinardia  flacdda).  The 
contents  consisted  of  remains  of  minute  larval  crustaceans,  and  small 
larval  ScrobiciUaria  were  occasionally  seen ;  as  an  exception,  I  found  a 
well-preserved  infusorian. 

In  his  elahorate  paper  on  forms  of  post-larval  turhot  that  were  obtained 
from  the  sea,  Ehrenbaum  mentions  that  he  found  remains  of  Ostracoda  iu 
a  still  symmetric  specimen.  Though  feeding  so  much,  all  the  larvse  died  on 
the  fourth  day,  apparently  as  a  consequence  of  excessive  heat ;  in  the 
afternoon  the  thermometer  showed  IT'B**  C.  in  the  rearing-jar.  At  this 
stage  the  larvae  measured  7*1  mm.  in  length.  The  pigmentation  had 
altered  in  this  way,  that  the  brick-red  colour  was  partly  covered  with 
black  stellate  pigment,  which  had  also  spread  over  the  seams  of  the 
embryonic  fins,  particularly  dorsally  and  partly  on  the  caudal  fin.  The  tail 
was  still  homocerc,  and  no  changes  in  development  were  observed  from 
the  end  of  the  larval  stage. 

Along  with  the  turbot,  a  few  larval  lemon  soles  were  also  placed  in  the 
rearing-jar.  They  did  not  appear  so  hardy  as  the  former,  but  had  more 
features  in  common  with  the  plaice.  When  the  yolk  was  absorbed,  the 
soles  began  to  feed  on  larval  crustaceans,  and  larval  molluscs,  larval 
gastropods  were  particularly  frequent.  The  soles  died  at  the  same  time 
as  the  turbot,  and  were  then  eleven  days  old.  An  increase  in  the  black 
pigmentation  was  the  most  marked  change  during  these  first  days  of  the 
post-larval  stage. 

These  experiments  with  turbot  and  lemon  sole  were  the  first  attempts 
to  rear  these  forms,  and  I  hope  in  the  near  future  to  have  an  opportunity 
of  repeating  those  interesting,  and  from  a  practical  point  of  view,  most 
important  experiments. 

The  experiments  described  in  the  preceding  pages  will  show  that  the 
rearing  of  plaice  through  the  post-larval  stages  is  possible,  and  can  be 
done  in  laboratories  without  much  trouble  or  expenditure ;  and  though 
we  often  find  that  the  various  species  behave  differently  when  artificially 
dealt  with,  there  is  no  reason  to  think  that  experiments  with  other  forms 
of  our  common  food-fishes  should  not  be  equally  successful.  There  may, 
of  course,  be  peculiarities  in  different  ways  that  are  to  be  overcome  in 
each  case,  but  these  can  only  be  found  out  through  practical  experi- 
ments. And  if  this  is  so,  the  study  of  this  now  most  unknown  stage  of 
development  of  our  sea-fishes  will  get  a  push  forward,  as  the  investigator 
will  be  able  to  work  with  certainty  and  convenience,  where  he  previously 
was  often  left  in  the  dark. 

But  the  rearing,  as  mentioned,  is  also  of  interest  from  a  practical  point 
of  view  3  and  it  may  be  of  interest  to  deal  here  also  with  this  aspect  of 
the  experiments  and  observations  already  described. 

The  practical  rearing  of  larval  fish  is  closely  related  to  artificial  sea- 
fish  culture,  and  I  shall  therefore  first  mention  a  few  features  connected 
with  the  latter.  Fish-hatching  has  been  proposed  as  one  of  the  remedies 
to  restore  the  abundance  of  the  most  valuable  fishes  on  the  inshore 
grounds,  and  work  of  this  nature  has  lately  been  undertaken  in  various 
countries  :  in  Norway,  where  cod  has  principally  been  dealt  with,*  in  New- 
foundland, in  the  United  States,  and  in  Canada.  At  the  present  time 
similar  works  are  prepared  for  in  Italy,  and  in  France  at  St  Vaast  le 
Hougue,  and  in  England  by  the  Lancashire  Sea  Fisheries  Committee. 
It  is  satisfactory  to  see  how  artificial  fish-culture  has  gradually  de- 
veloped, as  work  on  a  sufficiently  large  scale  has  given  some  idea  of 

*  As  a  consequence  of  the  success  of  the  work  with  the  cod  in  previous  years,  it 
has  lately  been  suggested  to  introduce  valuable  flat-fishes  iu  Norway  by  means 
artificial  culture, 
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the  benefit  that  omy  be  derived  from  such  operatious.  In  Norway,  the 
hatching  work  was  originally  started  quite  experimentally,  and  on  a 
small  scale ;  it  was  necessary  first  to  find  out  what  difficulties  there 
would  be  to  overcome;  the  station  was  subsequently  very  much  ex* 
tended  (in  1890)  in  order  to  show  what  practical  results  could  be  pro- 
duced. Operations  have  now  gone  on  for  some  years,  and  considerable 
numbers  of  fry  of  the  cod  have  been  distributed  in  the  inshore  waters 
along  the  south-east  coast.  The  largest  production  in  a  season  has  been 
320,000,000  fiy,  which  were  sent  out  from  the  hatchery  last  year ;  and 
a  marked  increase  in  the  abundance  of  young  cod  has  been  observed 
where  fry  has  been  distributed  in  great  numbers.  But  it  would  be  of  the 
greatest  interest  to  have  such  experiments  done  that  would  more  definitely 
show  the  effect  on  the  abundance  of  fish  when  fry  were  distributed 
in  a  certain  area.  This  would  be  a  statistical  test  of  the  economy  of  sea- 
fish  hatching.  When  carried  out  on  a  large  scale,  as  it  ought  to  be  when 
practical  results  are  looked  for  in  the  way  of  an  increased  fish  supply, 
the  fry  can  be  produced  at  a  very  moderate  cost ;  as  an  illustration  it  may 
be  mentioned,  that  at  the  Flodevig  hatchery  during  1896,  320,000,000 
cod  fry  were  produced  at  the  rate  of  more  than  2,500  for  a  penny.  But 
in  order  to  work  so  cheaply  it  is  necessary  to  have  the  station  furnished 
with  sufficient  tanks  and  reservoirs,  where  the  parent  fishes  may  be 
^  retained  safely  from  one  year  to  another.     And  I  must  also  mention, 

as  easily  may  be  seen,  that  once  the  capital  expenditure  is  made,  it  will 
not  cost  much  more  to  hatch  300,000,000  of  fry  than  it  will  cost  to  pro- 
duce say  60,000,000  a  year. 

From  statements  sometimes  made  it  seems  that  some  misapprehen- 
sion exists  as  to  the  principles  of  fish  culture.  It  has  been  said  that 
the  fishes  produce  such  large  numbers  of  eggs  that  the  quantity  of 
fry  that  may  be  developed  artificially  will  have  very  little  effect  upon  the 
abundance  of  fish  in  a  certain  area.  Practical  experiments  have  shown 
differently  in  such  places  where  hatching  work  has  been  carried  out  on  a 
large  scale,  and  this  experience  may  easily  be  accounted  for.  In  order  to 
maintain  the  equilibrium  or  balanre  within  a  species,  it  is  necessary  that 
on  the  average  two  adult  individuals  remain  an  the  offspring  from  one  male 
and  one  female  fish  ;  and  this  will  apply  to  any  species.  We  find  that  a 
cod  will  produce  more  than  one  hundred  times  as  many  effgs  in  a  season  as 
a  herring,  and  the  destruction  of  cod  eggs  or  larvae  must  therefore  be  about 
one  hundred  times  as  great  as  the  destruction  of  herring  eggs  or  larvae. 
Many  similar  instances  could  be  mentioned,  which  all  would  tend  to  show 
that  the  destruction  of  pelagic  fish  eggs  and  their  larvae  must  be  enor- 
mous. As  clearly  shown  by  Dr  Fulton  in  a  paper  on  the  principles  of 
fish  culture,  the  number  of  eggs  produced  by  any  fish  is  the  best  measure 
i ,  of  the  destruction  that  must  take  place.     And  that  this  destruction  takes 

I  })lace  at  an  early  period  is  most  probable.      The  newly  born  viviparous 

blenny  (Zoarces)  measures  about  2  inches,  and  when  only  100,  or  at  the  most, 
1 20  embryos  of  this  size,  which  are  found  in  a  female  fish,  are  sufficient  to 
maintain  the  species,  it  is  clear  that  these  1 20  young  blennies  must  have 
the  same  chance  of  reaching  maturity  as  6,000,000  of  eggs  produced  by  a 
turbot  or  any  other  fish  in  a  season  ;  in  other  words,  one  newly  born 
blenny,  about  2  inches  long,  is  equal  to  50,000  of  such  fish  eggs ;  or, 
that  out  of  50,000  such  eggs  the  49,999  are  destroyed  before  they  reach  a 
stage  similar  to  that  of  a  new-born  blenny. 

If  we  take  the  case  of  the  flat-fishes,  which  are  of  most  interest  to  this 
country,  we  will  find  that  the  young  fish  is  very  hardy,  and  has  got  good 
means  of  protection.  From  the  moment  it  has  passed  the  transformation 
stage  it  lives  regularly  on  the  bottom.     The  pigmentation  on  the  upper 
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side  of  the  fish  will  quickly  attain  the  same  appearance  as  the  sand  or 
mud  on  which  it  lives,  and  as  the  fish  is  also  able  to  coyer  itself  in  the 
sand  and  mud,  I  think  the  mortality  amongst  flat-fishes  after  this  stage  is 
reached  must  be  very  small  indeed. 

But  then  the  above-mentioned  great  destruction  must  take  place  during 
the  development  of  the  egg,  in  the  larval  and  post-larval  stages.  The  time 
elapsing  from  the  impregnation  of  the  egg  till  the  transformation  takes 
place  varies  with  the  different  seasons  and  with  different  species ;  but 
there  is  reason  to  think  that  eight  weeks  will  be  the  maximum  time 
for  this  more  or  less  pelagic  development. 

I  may  therefore  be  right  in  saying  that  perhaps  80  per  cent,  or 
more  of  the  five  or  six  millions  of  eggs  that  a  turbot  may  produce 
in  a  season  are  destroyed  within  the  first  few  weeks,  and  when  this 
is  so,  it  seems  reasonable  that  artificial  protection  during  this  difficult 
period  must  be  of  the  greatest  importance.  And  it  is  just  with  these 
views  in  mind  that  fish-culture  has  been  adopted  as  a  means  of  increas- 
ing the  supply  of  the  valuable  food-fishes.  If  such  artificial  protection  is 
possible,  and  can  be  realised  in  a  practical  way,  it  is,  I  think,  clear  that 
the  results  of  such  work  would  be  well  worth  the  trouble,  and  this  so 
much  the  more  as  there  is  no  other  remedy  known  that  may  lead  to  the 
same  end  without  serious  interference  with  the  practical  fishing  industry. 

In  the  present  hatcheries  the  eggs  are  protected  during  the  whole  of  the 
development,  and  the  larval  stage  is  also  passed  safely  in  the  apparatus. 
But  as  yet  it  has  been  necessary  to  plant  the  young  larvss  in  the  sea  by 
the  time  the  yolk  is  absorbed,  and  the  artificial  protection  has  therefore 
only  been  extended  to  the  earliest  part  of  this  difficult  period.  When 
planted  in  the  sea,  the  larvsB  can,  of  course,  be  placed  in  the  most  favour- 
able localities,  and  so  far  the  young  fish  gets  a  good  start.  But  the  ad- 
vantage of  fish-culture  would  clearly  be  ever  so  much  greater  if  the  protec- 
tion could  be  extended  all  through,  till  the  time  the  flat-fish  lives  on  the 
bottom,  with  the  habits  of  an  adult. 

Once  it  was  considered  impossible  to  rear  post-larval  fish  in  captivity, 
but  this  theory  was  untenable  when  Gapt.  Dannevig  succeeded,  in  1885,  at 
Flodevig,  in  rearing  cod  fry  in  a  large  tank.  Dannevig's  success  was  attri- 
buted to  the  great  capacity  of  the  pond,  and  it  was  maintained  that  rear- 
ing on  a  small  scale  was  impossible.  My  above  described  experiment 
with  plaice  in  1896  shows  that  this  can  also  be  done,  and  I  feel  sure  that 
continued  experiments  will  soon  show  how  similar  work  may  be  under- 
taken on  any  scale  with  economy  and  facility.  It  is  certainly  much 
easier  to  rear  larval  fish  in  a  large  enclosure  than  in  a  small  one,  because 
the  larger  the  enclosure  is,  the  closer  will  the  resemblance  of  its  physical 
circumstances  be  with  those  in  the  open  sea.  I  shall  only  give  an  outline 
of  how  I  think  such  a  rearing  experiment  with  flat-fishes  may  successfully 
be  carried  out  on  a  large  scale.  There  would  be  required  a  large  enclo- 
sure, the  larger  the  better ;  if  failing  to  find  a  natural  basin  on  the  shore 
that  easily  could  be  closed  and  modified,  the  most  economical  way,  per- 
haps, would  be  to  dig  out  such  a  place  in  a  sand  bed  near  the  sea,  and  line 
it  inside  with  concrete.  Such  a  tank  should  not  be  deeper  than  from  8  to 
12  feet,  so  the  walls  would  not  require  to  be  strong.  It  should  be  on  the 
level  with  the  sea  and  in  communication  with  the  latter  with  large  drain 
pipes  with  valves,  so  that  the  water  supply  may  be  taken  directly  from  the 
tide  without  pumping.  Most  of  the  forms  of  the  marine  fauna  and  flora, 
which  serve  the  post-larval  fishes  as  food,  can  easily  be  produced  in  un- 
limited quantities  through  cultures,  and  great  numbers  of  fry  could  there- 
fore find  nourishment  within  a  comparativaly  small  area.  The  success  of 
such  an  experiment  would  mean  that  such  valuable  fishes  as  the  sole  and 
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turbot  could  be  protected  in  captivity  tbronghout  the  time  of  the  early 
development  wlule  the  enormous  destruction  takes  place  in  the  sea. 

Judging  from  what  has  already  been  done  on  this  subject,  there  are  good 
prospects  of  the  success  of  such  an  enterprise,  and  I  think  therefore  it 
would  be  very  desirable  and  important  if  such  an  experiment  was 
made. 

And  not  only  fish,  but  lobsters  ought  also  to  be  dealt  with  in  this  way. 
The  desirability  of  hatching  lobsters  is  often  talked  about,  and  to 
put  out  larvsB  in  certain  selected  localities  soon  after  hatching.  This  is 
certainly  a  very  good  idea,  when  the  berries  are  taken  from  such  lobsters 
that  have  already  been  captured  for  the  market.  The  idea  is  good  so 
far  as  these  berries  are  saved  from  destruction.  But  there  is  little  ad- 
vantage in  catching  the  lobster  for  the  sake  of  the  hatching  of  its  berries, 
as  the  latter  are  developed  quite  as  well,  or  better,  when  attached  to  the 
mother  in  the  sea,  than  if  they  had  been  kept  in  confinement.  The 
destruction,  in  the  case  of  the  lobster  does  not  take  place  till  the  larve 
have  been  hatched,  and  is  swimming  as  a  more  or  less  pelagic  crustacean  ; 
80  it  is  in  this  st£^e  of  development  that  artificial  protection  can  be  of 
the  greatest  benefit,  and  assist  in  keeping  up  the  mature  stock  of 
lobsters  in  any  locality.  With  reference  to  artificial  rearing  of  young 
lobsters  in  ponds,  I  must  say  it  is  a  thing  which  often  has  been  tried  in 
Norway  and  in  England,  but  which,  at  the  same  time,  in  my  opinion, 
never  got  a  fair  chance.  It  may  here  be  put  forward  that  the  lobster 
larvse  are  cannibal,  and  that  the  destruction  from  this  cause  will  form  a 
barrier  to  successful  operations  with  this  crustaceaa  It  must  certainly 
be  admitted  that  these  young  larvee  do  destroy  one  another ;  but,  at  the 
same  time,  I  do  not  think  that  this  feature  has  been  sufi&ciently  studied  ; 
it  may  be  found  that  the  cannibalism  only  takes  place  under  certain  cir- 
cumstances. In  any  case  I  should  never  consider  artificial  lobster 
culture  in  the  way  mentioned  at  all  impossible;  no  one,  I  think,  at 
the  present  time  is  able  to  give  definite  proofs  for  or  against,  but  that  is 
just  the  reason  why  we  ought  to  be  careful  in  criticism  of  this  important 
question. 

That  the  lobster  larvsa  can  be  reared  in  captivity  has  been  proved  first 
in  Norway  by  Capt.  Dannevig,  and  later  in  America  by  Prof.  Herrick ; 
but  it  is  yet  left  to  utilise  these  important  observations  for  practical 
purposes  that  may  lead  to  an  increase  in  the  supply  of  this  valuable 
crustacean. 


EXPLANATION  OF  PLATE  IV. 


Figs.  1  to  10,  which  represent  the  various  stages  of  the  post-larval 
plaice,  were  drawn  by  Mr  F.  G.  Binnie,  from  my  preserved 
specimens,  the  intention  being  to  give  a  general  view  of  the 
gradual  advance  in  development ;  the  figures  have  been  arranged 
accordingly. 

Fig.  1.  Post-larval  plaice,  17  days  after  hatching,  7*40  mm.  long  and  1*44 
mm.  broad. 

Fig.  2.  Post-larval  plaice,  16  days  old.  This  specimen  does  not  belong 
to  the  present  scries,  but  was  taken  from  an  earlier  batch  of 
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lanrsB.     It  corresponds  in  size  and  appearance  with  the  larvse 
of  June  7th.    (See  Table  L,  page  187.) 

Fig.  3.  Post-larval  plaice,  35  days  old^  9*64  mm.  long  and  2*16  mm. 
broad. 

Fig.  4.  Post-larval  plaice,  40  days  old,  10*96  mm.  long  and  3*76  mm. 
breads 

Fig.  5.  Head  of  post-larval  plaice,  42  days  old.  The  fish  was  12*40  mm. 
long  and  4*80  mm.  broad. 

Figs.  6,  7,  8  represent  specimens  in  the  transformation  stage. 

Fig.  9.  Young  plaice,  45  days  old,  13*76  mm.  long  and  6*40  mm.  broad ; 
has  just  passed  the  transformation  stage. 

Fig.  10.  Young  plaice,  65  days  old  ;  about  27  days  after  the  transforma- 
tion took  place. 

Figs.  1 1  to  24  represent  various  forms  of  food  that  were  observed  in  the 
stomachs  of  the  post-larval  plaice;  they  were  drawn  from 
nature  by  myself  and  identified  by  Mr  T.  Scott. 
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IV.— CONTRIBUTIONS  TO  THE  LIFE-HISTORIES  AND  DE- 
VELOPMENT  OF  THE  FOOD  AND  OTHER  FISHES.  By 
Professor  M'Intosh,  Gatty  Marine  Laboratory,  University  of  St 
Andrews.     (Plates  V.,  VI.,  and  VH.) 
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1.  The  Lifb-Historibs  of  the  Cod,  the  Haddock, 

AND  THE   WhITINO. 

The  Cod. 

The  history  of  the  early  stages  of  the  cod  in  Scottish  waters  has, 
within  recent  years,  been  more  or  less  elucidated,  so  that  the  remarks 
on  this  form  will  be  comparatively  brief.  The  chief  spawning- 
grounds  are  in  the  offshore  waters,  such  as  east  and  southeast 
of  the  Isle  of  May,  and  the  deep  water  off  Montrose  and  Aberdeen, 
Smith  Bank  in  the  Moray  Firth,  and  similar  areas.  The  eggs  are 
often  wafted  inshore,  as  also  are  the  larvae,  which  are  distinguished  by 
their  speckled  appearance,  due  to  the  presence  of  five  blackish  pigment- 
bars.  The  greater  number  of  the  larvae,  however,  attain  the  post- 
larval  stage  in  the  offshore  water,  and  only  seek  the  more  varied  life 
of  the  inshore  when  they  reach  the  length  of  A  to  f  of  an  inch,  and 
have  descended  considerably  in  the  water,  lliey  lose  the  speckled 
aspect  of  the  larvss,  and  the  black  pigment  is  aggregated  dorsally 
and  ventrally,  so  that  their  appearance  is  much  altered  at  ^  an  inch. 
Tet  a  further  change  occurs  after  they  are  a  little  older,  and  when  they 
approach  the  tidal  region  at  the  end  of  May  or  beginning  of  June. 
The  black  pigment,  which  had  been  confined  to  the  dorsal  and  the  ventral 
borders,  and  to  the  median  streak,  now  (as  the  fishes  reach  the  length 
of  an  inch,  or  a  little  more)  forms  vertical  or  zig-zag  bands  connecting 
the  former  along  the  sides. 

During  June  and  July  they  frequent  the  shallow  rock-pools,  both 
of  open  bays  and  estuaries,  at  ebb-tide  in  company  with  the  green 
cod,  from  which,  as  I  have  formerly  shown,  they  are  readily  dis- 
tinguished by  the  reddish  hue  of  the  head,  and  the  beautifully 
variegated  body,  which,  upon  a  pale  greenish  ground,  is  dotted 
all  over  with  black  pigment- specks,  whUe  larger  ones  occur 
over  the  brain,  and  on  each  side  along  the  dorsum  (PL  YI.  fig.  5). 
The  first  two  dorsals  are  also  dotted  with  black  pigment,  enlivened  with 
touches  of  opalescent  bluish,  touches  of  the  same  hue  occurring  at 
intervals  along  the  middle  line  of  the  dorsum  when  viewed  from  above, 
one  of  the  brightest  being  between  the  second  and  the  third  dorsal.  The 
pale  patches  between  the  dark  bars  have  a  beautiful  pearly  lustre.  About 
eight  dark  blotches  are  placed  along  the  median  line,  and  as  these  are  flecked 
by  darker  patches  in  the  upper  lateral  region,  they  give  a  characteristic 
appearance  to  the  fish.    The  upper  lateral  region  (just  above  the  lateral 
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line)  shows,  from  the  operculum  backward,  nine  dark  spots.  The  first 
three  are  continued  downward  to  the  silvery  belly,  and  then  cease.  The 
rest  have  connections  with  a  series  of  median  spots — five  in  number — in 
the  middle  line,  bands  in  several  instances  passing  from  two  upper  spots 
to  one  median,  and  again  bifurcating  inferiorly.  The  lower  part  of  the 
gill-region  and  belly  are  silvery,  and,  in  certain  views,  those  and  the 
sides  glance  brightly,  like  burnished  silver,  with  a  slightly  cupreous 
sheen.  The  ventral  median  line  has,  on  each  Bide,  a  band  of  pigment 
(continuous  with  the  lateral  bars  described  above),  but  the  chromato- 
phores  are  less  regular  than  along  the  dorsum,  though  opposite  the  bases 
of  the  ventral  fins  the  black  pigment  is  regularly  arranged,  apparently  at 
the  base  of  each  ray.  Pigment  also  appears  on  the  sides  and  under  surface 
of  the  lower  jaw,  and  a  thin  dark  streak  passes  a  short  distance  backward 
in  the  middle  line.  The  breast-fins  are  translucent^  their  rays  only 
glancing  during  their  active  vibratile  movements.  The  first  and  the 
second  dorsal  fins  have  the  blackish  pigment  best  developed  on  the 
membrane  between  the  rays,  towards  the  free  edge,  the  basal  region 
being  pale.  The  pigment  occurs  in  the  first  six  or  seven  spaces  of  the  first 
dorsal ;  the  third  dorsal  has  none.  The  first  anal  fiu,  towards  its  distal 
half  anteriorly,  is  speckled  with  black.  The  ventral  fins  are  translucent, 
with  a  few  grains  of  white  on  the  two  outer  rays,  the  second  of  which  is 
now  elongating.  The  tail-fin  is  devoid  of  chromatophores.  The  eyes 
show  an  iridescent  orange-hue,  with  minute  specks  of  black  on  a  silvery 
ground.  From  the  dorsum  they  are  blackish,  with  miuute  iridescent 
greenish  specks.  A  small  barbel  is  present  The  arraugement  of  the 
pigment  on  a  green  cod  of  the  same  length  is  wholly  different,  for  the 
large  stellate  pigment-spots  are  scattered  over  the  entire  area  laterally, 
and  the  black  streak  in  the  median  (lateral)  line  is  more  distinct.  All 
the  three  dorsal  fins  are  more  deeply  pigmented,  and  both  anals  have 
pigment.  When  viewed  from  the  ventral  surface,  there  is  much  more 
pigment  in  the  hyoidean  region.  The  pectorals  and  ventrals  are  slightly 
smaller  than  in  the  cod,  the  latter  being  devoid  of  black  pigment  in 
both.  Of  the  two,  the  cod  is  the  more  precocious  in  regard  to  the 
development  of  the  tips  of  the  long  rays  of  the  ventrals. 

Besides  being  found  at  this  stage  close  inshore,  it  has  occasionally 
happened  that  they  are  also  captured  a  considerable  distance  offshore. 
Thus,  for  example,  on  the  2l8t  July,  one  29  mm.  long  was  secured  in  the 
mid-water  net  8  miles  south-east  of  the  Isle  of  May.  Their  general 
tendency,  however,  is  shore-wards. 

The  pigment  gradually  increases  until  the  sides  of  the  young  fish  are 
boldly  tessellated,  the  lighter  patches  often  having  a  slightly  pearly  or 
iridescent  lustre.  Meanwhile,  the  length  of  the  fish  is  increasing,  and  its 
form  becoming  more  and  more  characteristic.  At  five  inches,  for  instance, 
on  the  22  nd  of  September,  most  of  the  external  characters  of  the  adult  are 
present,  except  that  the  sides  are  still  boldly  mottled  by  the  pigment- 
bars  (PI.  VI.  fig.  6). 

As  they  grow  older,  the  young  cod  seek  the  of&hore  waters,  and  the 
tessellated  condition  becomes  less  marked,  e.^.,  about  eight  inches.  They 
form  considerable  shoals  off  rocky  coasts,  such  as  south  of  Girdleness  in 
Aberdeenshire,  and,  indeed,  all  along  the  east  coast.  Many,  however, 
continue  to  haunt  the  shallower  rocky  shores  and  the  tangle-forests  beyond 
low-water  mark,  and  are  more  brilliantly  coloured.  They  are  known  to 
anglers  by  the  name  of  rock-cod. 

Their  subsequent  growth  has  been  noted  elsewhere,  but  the  main  point 
is  the  contrast  which  such  a  life-history  affords  to  that  of  the  haddock. 
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Thb  Haddock. 

The  development  of  the  eggs  of  the  haddock  was  given  by  Professor 
Prince  and  the  author,  in  the  *  Researches,'  ♦  and  the  characters  of  the 
larval  form  indicated.  The  latter  was  chiefly  recognised  by  the  eyes, 
which  are  large  and  pigmented,  by  the  blackish  pigment  on  the  head, 
by  the  deep  band  of  pigment  on  the  dorsal  arch  of  the  abdomen,  and  by 
a  faint  line  below  the  muscle-plates  of  the  same  region.  The  larvae  are 
small, — about  3  mm.  in  length  on  hatching. 

While  the  larval  and  earlier  post-larval  stages  of  the  haddock  have 
thus  been  fully  elucidated  at  the  St  Andrews  Marine  Laboratory,  the 
later  post  larval  and  very  young  stages  have  hitherto  eluded  observation. 
Professor  G.  0.  Sars,  it  is  true,  held  that  the  post-larval  haddock  could 
be  recognised  amidst  the  swarms  of  young  fishes  on  the  spawning-grounds 
of  Lofoten,  and  in  this  he  was  probably  correct,  though  very  considerable 
uncertainty  existed.  A  re-examination  of  the  whole  question  this  year 
shows,  as  has  been  more  than  once  pointed  out  at  St  Andrews,  that  the 
later  post-larval  and  early  stages  of  the  adolescent  haddock  altogether 
diverge  from  those  of  the  cod  in  regard  to  their  haunts.  The  young 
cod,  as  shown  in  the  preceding  pages,  gradually  pass  shore-ward^  and 
when  about  an  inch  in  length,  approach  the  margin  of  the  rocks,  where 
they  swim  amidst  the  tangle-forests,  and  enter  the  tidal  runlets  for  a 
considerable  time.  The  haddock,  on  the  other  hand,  at  the  stages 
mentioned,  keeps  to  the  offshore  water  until  it  has  assumed  a  readily 
recognisable  or  adolescent  condition. 

The  following  is  a  succinct  account  of  the  various  stages  : — 

Whilst  the  marginal  fin  is  still  continuous,  the  black  pigment  of 
these  shorter  forms  of  7  to  8  mm.  from  the  ofiishore  water — probably 
the  same  as  .those  mentioned  by  Professor  G.  O.  Sars,  is  scattered 
over  the  head,  along  the  dorsal  and  ventral  edges — with  a  few  specks 
on  the  sides  posteriorly.  At  11  mm.,  besides  the  foregoing  colora- 
tion, a  very  distinct  eaea.  of  pigment-points  occurs  behind  the  pectorals. 
A  few  specks  also  appear  on  the  latter  and  on  the  ventrals,  which 
at  this  stage  form  short  fins  with  true  ray&  True  fin-rays  are  now 
present  in  the  second  and  in  the  third  dorsal  (the  marginal  fins  being 
still  continuous^,  in  the  two  anal  and  in  the  caudal  fins,  but  the  first 
dorsal  has  only  embryonic  rays.  The  body  is  comparatively  short 
and  thick,  and  the  head  large.  The  food  consists  of  young  copepods. 
At  12*5  mm.,  the  marginal  fin  is  likewise  continuous  with  the  caudal. 
True  fin-rays  are  developing  in  the  first  doi-saL  Such  stages  do  not,  so 
far  as  at  present  known,  occur  in  numbers  inshore,  but  frequent  the 
fishing  banks  ofishore,  especially  in  May.  Instead  of  seeking  their  way 
inshore^  indeed,  like  the  cod  and  green  cod,  the  little  haddock  frequent 
the  deeper  water  offshore,  and  they  are  found  in  great  numbers,  for 
instance,  25  to  30  miles  east  by  south  of  the  Island  of  May,  and  near 
the  fishing  grounds  termed  by  the  liners  the  '  Long  Fortie&'  There  the 
large  mid- water  net  captures  them,  in  the  first  weeks  of  July,  along  with 
swarms  of  young  whiting,  and  ranging  in  length  from  24  to  80  mm.,  as 
well  as,  in  cdl  probability,  on  both  sides  of  these  dimensions. 

At  19  mm.,  the  outline  is  short  and  thick-set^  and  the  fins  are  well 
developed.  The  ventrals  are  lengthened ;  their  long  sensitive  tips  pro- 
jecting beyond  the  vent.  The  head  and  eye  are  large,  and  the  snout 
blunt.  The  only  pigment  left  on  the  specimen  is  over  the  brain,  but 
probably  both  dorsal  and  ventral  edges  and  the  sides  were  more  or  less 
coloured. 

*  Trans,  Roy,  Soe.  Edin,,  vol.  xxiv.  part  iil  p.  822. 
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At  24  mm.  (PI.  Y.  ^g,  1),  the  little  haddock  is  distinguiBhed  at  once 
from  the  whiting  of  the  same  length  by  the  more  compact  outline ;  by  the 
shorter  first  anal  fin  ;  by  the  longer  pelvic  fins,  which  reach  nearly  as  far 
backward  as  the  tips  of  the  long  second  ray  of  the  pectorals,  and  extend 
beyond  the  anus ;  by  the  slightly  larger  eye  ;  by  the  presence  of  a  larger 
amount  of  dark  pigment  generally  on  the  fins,  the  ventrals  being  quite 
pale  in  the  whiting,  On  the  other  hand,  the  black  pigment  on  the 
head  of  the  whiting  is  better  marked,  and  the  same  may  be  said  of  the 
tip  of  the  snout,  the  premaxillary  and  the  mandibular  regions.  Both 
species  have  the  sides  of  the  body  dotted  with  pigment-specks  from  the 
pectorals  backward,  and  dorsally  forward  to  the  snout,  the  belly  being 
pale  and  slightly  silvery.  The  mandibular  region  inferiorly,  however,  in 
the  whiting,  shows  more  numerous  black  chromatophores.  Moreover, 
above  and  a  little  behind  the  pectoral  in  the  haddock  is  an  area  dotted 
with  very  minute  black  chromatophores, — ^the  future  black  spot,  though 
not  at  present  conspicuously  differentiated.  Lastly,  in  the  haddock,  the 
barbel  is  generally  more  distinct.  The  vent  in  the  latter  is  nearly  in  the 
middle  of  the  body,  whereas  in  the  whiting  it  is  close  to  the  anterior 
third,  and  thus  the  body  of  the  whiting  is  proportionally  elongated.  No 
scales  are  yet  present. 

From  a  cod  of  the  same  length  the  young  haddock  is  diagnosed  by  the 
shorter,  thicker  body,  by  the  smaller  barbel,  by  the  more  evident 
separation  of  the  second  and  third  dorsal  fins  and  of  the  two  anal,  by  the 
longer  ventral  fins,  and  by  the  absence  of  the  tendency  of  the  black 
pigment  to  form  a  lateral  line  along  the  middle  of  the  body.  Moreover, 
the  chromatophores  generally  on  the  sides  of  the  cod  are  less  numerous. 

At  29  mm.  (PI.  Y.  fig.  2,  and  enlarged  in  fig.  5)  the  general  bulk  of 
the  little  haddock — in  contrast  with  that  at  24  mm. — has  notably 
increased,  and  the  shape  and  curves  of  the  head  have  been  modified. 
The  ventral  fins  are  proportionally  longer, — a  feature  doubtless  associated 
with  the  more  purely  pelagic  life  followed  by  the  species  at  this  stage. 
The  black  pigment  is  still  present  on  these  fins  (pelvic).  No  scales  are 
developed. 

From  the  whiting  of  the  same  size  it  is  recognised  by  the  permanent 
characters  in  relation  to  the  first  anal  fin,  and  by  the  much  longer 
ventral  fins,  the  second  ray  of  which  projects  beyond  the  rest,  as  well 
as  by  the  more  compact  outline  and  the  more  distinct  barbel.  Moreover, 
at  this  length,  the  aggregation  of  the  dorsal  pigment  in  the  whiting  to 
form  the  characteristic  bars  at  once  separates  them.  The  pigment  on  the 
head  of  the  haddock  is  now  well  marked ;  and  the  bones  of  the 
mouth  are  also  better  pronounced.  The  nasal  openings  are  larger. 
The  area  with  the  minute  black  chromatophores,  above  the  pectoral, 
though  present,  does  not  attract  special  notice  in  scanning  the  fish 
(haddock).  All  the  fins  of  the  latter  are  largely  developed.  From  a  cod 
of  the  same  length,  the  characters  formerly  mentioned  still  hold,  but  the 
barbel  in  the  cod  is  much  larger,  and  the  disproportion  between  the 
pectoral  and  the  ventral  fins  greater.  The  second  ray  of  the  ventral  in 
the  cod  is  now  longer  than  the  first.  The  tendency  of  the  lateral  pigment 
to  form  bars  in  this  species  (cod)  is  also  diagnostic. 

In  connection  with  this  sta^e  it  may  be  mentioned  that,  in  the 
'  Scandinavian  Fishes,'  it  is  stated  that  at  Spitzbergen  in  September  the 
young  haddock  are  about  35  mm.  long ;  while  Collett,  in  Chris tiania 
f^ord,  found  them  40  to  50  mm.  long  on  the  14th  of  June. 

At  39  mm.  (PI.  Y.  fig.  3,  and  enlarged  in  fig.  7)  the  chief  changes  in 
the  young  haddock  are,  a  diminution  of  the  proportional  length  of  the 
ventral  fins,  the  acutely  pointed  condition  of  the  first  dorsal  fin,  and  the 
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increase  in  the  siiyery  hue  of  the  sides.  Microscopically,  somewhat 
rounded  graDular  areas  at  intervals  indicate  the  development  of  scales. 
When  the  fish  is  45  mm.  in  length,  the  developing  scales  are  more 
evident,  as  minutely  reticulated  areas  scattered  throughout  the  skin, 
and  causing  a  slight  opacity  where  each  is  situated  (PI.  YII.  fig.  1). 
The  area  of  finely  dotted  pigment  above  the  pectoral  is  more  densely 
covered.  In  contrast  with  the  whiting  of  the  same  length,  it  is  a  much 
stouter  fish,  the  head  and  eyes  are  larger,  the  belly  more  capacious ;  and 
though,  in  both,  the  tips  of  the  ventrals  (long  second  rays)  project 
beyond  the  vent,  yet  the  length  and  strength  of  the  haddock's 
fins  are  characteristic,  and  they  also  retain  their  pigment  in  spirit. 
Parasitic  CcUigi,  further,  seem  to  be  partial  to  this  species.  The  long, 
sharp,  recurved  teeth  of  the  whiting  are  more  prominent  than  those  of  the 
haddock,  the  mouth  of  which  is  also  more  neatly  formed.  The  vent  of 
the  former  is  considerably  in  front  of  that  of  the  latter,  and  the  first  anal 
fin  is  in  full  development.  There  is  little  confusion  with  the  young  cod 
of  similar  length  since — before  it  reaches  this  size — its  sides  are  beautifully 
dappled,  its  mouth  larger,  the  barbel  much  longer,  the  ventral  fins  fall 
short  of  the  vent,  and  the  body  of  the  fish  is  less  compact,  while  the  head 
has  a  different  outline.  No  black  pigment  occurs  on  the  rays  of  the 
pectoral  or  pelvic  fins.  The  dusky  hue  of  the  green  cod  and  the  pollack 
— both  of  which  show  the  median  line  of  black  pigment  along  the  centre 
of  the  body  posteriorly — readily  separates  them.  Both  lean  to  the  cod 
in  regard  to  the  proportions  of  tiie  pectoral  and  pelvic  fins. 

At  48  mm.  the  general  silvery  hue  is  even  better  developed,  and,  whereas 
at  the  latter  stage  (39  mm.)  the  lateral  line,  though  present,  was  but  feebly 
marked,  it  now  forms  a  prominent  papillose  ridge  from  the  upper  opercular 
region  almost  to  the  tail.  The  larger  black  chromatophores  scattered 
amongst  the  minute  are  more  conspicuous  on  the  sides  of  the  haddock 
than  in  the  whiting,  and,  indeed,  they  give  it  a  characteristic  appearance. 
The  condition  of  the  vent  at  this  and  the  previous  stages  is  also  noteworthy, 
for  about  eight  isolated  papillae  occur  round  its  edge,  with  the  genital 
papilla  behind.  It  may  be  that  slight  sexual  distinctions  appear  at  these 
stagos  which  afterwards  disappear.  The  boldness  of  the  pigment  and 
the  larger  scales  are  characteristic  features  when  compared  with  a  young 
whiting  of  the  same  size.  The  tip  of  the  mandible  is  nearly  in  a  line 
with  the  premaxillary,  and  thus  not  evidently  underhung. 

The  little  haddock  grows  rapidly,  and  at  53  mm.,  that  is  about  2^ 
inches,  the  dark  patch  behind  the  shoulder — so  characteristic  of  the 
species — is  readily  seen  by  the  unaided  eye  (PL  VII.  fig.  4).  The 
cupreous  lustre  seems  to  bring  out  the  pigment,  since  the  condition  is 
just  as  in  the  smaller  forms,  viz.,  a  finer  distribution  of  minute  black 
pigment-specks.  The*pectoral  fins  have  a  yellowish-brown  hue,  with  black 
chromatophores  on  both  sides  as  before,  and  they  stud  the  fin  with  minute 
black  streaks  arranged  longitudinally.  The  amount  of  black  pigment  in 
the  three  dorsals  is  noteworthy.  The  ventrals  are  pale,  but  they  still 
have  black  specks  arranged  in  a  linear  manner  in  the  centre.  They  are 
now  proportionally  shorter,  a  clear  space  existing  between  them  and  the 
vent, — which  is  papillose.  Both  anal  fins  are  streaked  with  black  pigment 
only  in  a  less  degree  than  the  dorsals.  The  head  and  body  are  minutely 
and  uniformly  dotted  with  black,  while  the  brain  is  reddish.  The 
eyes  are  large  and  silvery,  the  latter  likewise  being  the  condition  of 
the  sides.  The  scales,  which  are  now  much  larger,  cover  the  skin 
much  more  closely,  thus  giving  a  regularly  reticulate  condition  to  the 
surface  (under  the  microscope).  Where  they  project  from  a  torn 
surface,   as   in   the  sketch    (Plate   VII.    fig.    2),   reticulation   of    the 
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margin  is  evident.  The  barbel  is  small  in  contrast  with  the 
cod.  The  mandible  is  underhung,  as  in  the  adult.  The  anterior 
nostril  is  surrounded  by  dark  pigment,  while  the  posterior  is  pale. 
There  is  no  need  to  describe  minutely  the  various  points  of  difference  be- 
tween this  species  on  the  one  hand  and  the  whiting  and  the  cod  on  the 
other,  but  a  few  remarks  may  be  made  on  certain  evident  modifications 
occurring  during  the  growth  of  the  three  forms  at  this  stage.  Thus, 
whereas  the  pale  ventrals  of  the  whiting  fell  short  of  the  vent  in  the 
former  stages,  they  now  extend  beyond  it,  the  second  ray  with  its  sensitive 
tip,  so  carefully  described  in  various  fishes  by  Mr  H.  C.  Williamson, 
being  proportionally  longer  than  in  the  hiaddock.  On  the  other  hand,  the 
second  ray  of  the  somewhat  short  ventrals  of  the  cod  far  exceed  both, 
such  a  provision,  in  all  probability,  being  of  great  service  in  its  haunts 
inshore  amongst  the  tangle-forests  and  tidal  runlets  at  low-water.  The 
large  mouth  of  the  cod,  its  long  barbel,  and  its  characteristic  head,  are 
noteworthy,  as  also  are  the  prominent  teeth  of  the  whiting. 

At  61  mm.  the  silvery  region  of  the  abdomen  behind  the  pectoral  fins 
presents  a  beautifully  embossed  or  regularly  facetted  aspect  from  the 
development  of  the  scales,  which  here  and  along  the  abdominal  region  are 
most  apparent,  though  actually  extending  to  the  base  of  the  tail.  The 
silvery  surface,  perhaps,  aids  in  making  them  more  prominent.  The  scales 
are  now  marked  by  a  somewhat  regular  series  of  reticulations  concen- 
trically arranged.  Moreover,  they  now  touch  and  overlap  each  other. 
The  black  pigment  on  the  fins  is  the  same,  a  little  still  being  visible 
in  the  ventral,  the  tips  of  which  distinctly  fall  short  of  the  vent.  The 
latter  shows  papillaa  round  the  margin  less  prominently  than  at  the  earlier 
stages.  Young  Caligi  have  fixed  themselves  near  the  angle  of  the 
mouth.  The  head  and  sides  are  minutely  dotted  all  over  with  black 
pigment.     The  pectorals  are  proportionally  broader  than  in  the  adult. 

Up  to  this  stage  not  a  single  young  haddock  has  ever  been  captured  by 
the  various  nets  so  constantly  in  use  during  in-shore  observations.  It  is 
a  deep-water  fish,  of  whose  existence  fishermen,  as  a  rule,  are  not  cognisant, 
unless  when  casually  dropped  on  deck  from  the  mouth  of  a  larger  form 
captured  by  the  hook  or  by  the  trawl. 

At  80  mm.  (about  3^  inches)  the  blackish  mark  behind  the 
shoulder  is  very  evident, — both  in  life  and  when  preserved.  It  is 
due,  as  formerly,  to  a  dense  aggregation  of  minute  black  chromatophores, 
which  thus,  from  the  beginning,  differ  from  these  in  any  other  part. 
The  cupreous  sheen  of  the  little  fish  is  well  marked,  and  the  sprinkling  of 
black  pigment  over  the  body  is  less  distinct  than  in  the  previous  stages. 
The  black  pigment  on  the  pectorals,  ventrals,  and  first  anal  is  sJso 
characteristic,  and  is  equally  seen  on  both  sides.  The  tip  of  the  second 
ray  of  the  ventrals  is  proportionally  more  elongate  than  in  the  previous 
stage— in  connection,  perhaps,  with  a  change  of  habit — either  towards 
the  bottom  or  towards  the  shore.  This  sensitive  ray  is  fully  as  long  as 
in  a  whiting  of  the  same  size ;  but  whereas  in  the  latter  it  extends  con- 
siderably beyond  the  vent,  it  falls  considerably  short  of  it  in  the  haddock. 
The  cod  of  the  same  length  has  a  much  longer  second  ray  than  either. 

At  this  stage,  also,  they  seldom  come  under  the  cognisance  of  any 
fisherman. 

Towards  the  end  of  the  same  month,  viz.,  on  the  30th  of  July,  speci- 
mens of  4  inches  occasionally  take  a  hook,  or  are  entangled  in  debris 
in  a  trawl.  At  this  stage  the  ventral  is  proportionally  shorter  (though 
the  second  ray  is  still  long), — a  longer  interval  occurring  between  its  tip 
and  the  vent. 

In  August  the  haddock  of  the  season  range  from  3^  to  6  inches, — all 
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the  specimeiis  in  the  laboratoiy  at  and  above  i\  inches  being  from  the 
hooks  of  the  liners.  It  is  probable  that  others  will  extend  on  each  side 
of  these  limits.  The  long  ray  (seconfl)  of  the  ventral  fin  is  still  prom- 
inent The  growth  of  the  haddock  is  thus  rapid, — more  rapid  than  at 
first  sight  it  would  seem. 

In  September  the  specimens  from  the  hooks  range  from  5  (PL  V.  fig. 
6)  to  6f  inches,  and  this  agrees  with  what  Tarrell,*  formerly  mentioned, 
viz.,  that  the  haddock  spawns  in  February  and  March,  and  the  young  are 
6  inches  long  in  the  beginning  of  September.  Only  4  between  6  and  10 
inches  in  length  were  obtained  -by  Dr  Fulton  in  May,  July,  September, 
and  October,  while  345  smaller  and  155  larger  examples  were  got  during 
the  same  months.  Most  of  those  under  5  inches  in  length  were  captured 
in  September  at  the  mouth  of  the  Frith  of  Forth,  and  up  to  10  miles 
beyond  it.  In  November  some  reach  7^  inches,  while  in  December  the 
limits  in  the  collection  at  St  Andrews  are  5f  to  7^  inches. 

'  In  October  and  November,'  says  Fries,!  '  some  small  haddocks,  be- 
'tween  100  and  150  mm.  in  lengUi,  may  occasionally  be  taken  on  the 
'coast  of  Bohuslaip;  but,  with  this  exception,  the  fry  are  never  seen.  Like 
'  the  young  of  several  other  fishes,  of  the  horse-mackerel  and  the  cod,  for 

<  example,  the  haddock-fry,  according  to  Sars  and  Collett,  seek  shelter  and 
'  food  under  the  bodies  of  medus^B,  together  with  which  they  drift  about 
'  until  they  are  more  than  50  mm.  long,  and  then  they  probably  join  their 
'  parents  in  the  deeper  water.    Off  Tromso,  however,  lllljeborg  saw  fairly 

*  large  shoals  of  young  haddocks  keep  near  shore  in  from  4  to  6  fathoms  of 

*  water.'  This  habit  of  seeking  shelter  and  food  imder  the  discs  of  jelly- 
fishes  has  not  been  observed  in  British  waters,  and  it  is  difficult  to  see 
how  the  hordes  of  young  haddocks  could  find  a  sufficient  number  for  this 
purpose.  Again,  at  this  period  (July  and  August),  the  young  haddock 
frequents  the  deep  water  olbhore,  while  the  medusae  are  partial  to  the  sur- 
face, especially  in  quiet  weather ;  and  thus,  in  the  latter  case,  the  presence 
of  the  young  fishes^could  not  readily  be  overlooked.  Of  the  filial  instincts  of 
those  which  reach  more  than  50  mm.,  nothing  has  been  seen  in  this  country, 
and  it  is  unusual  for  such  small  fishes  to  venture  amongst  adults  of  their 
own  or  of  other  species.  Again,  the  length  of  the  young  haddocks  seen 
by  Lil^eborg  is  not  stated,  but  in  fdl  probability  they  wei-e  of  the  usual 
size,  viz.,  over  4  inches,  or  from  5  to  6  inches,  when  they  seek  the  inshore 
waters. 

The  following  year  the  young  haddock  are  familiar  to  fishermen  as  the 
'  summer  haddock,' — immense  shoals  seeking  the  inshore  water  after 
sand-eels  and  other  prey,  and  often  proving  a  nuisance  to  the  liners,  and 
occasionally  even  to  the  trawlers.  Dr  Fulton  found  that  in  February, 
March,  and  April,  individuals  under  5  inches  are  very  rare,  while  those 
between  6  and  10  inches  are  much  more  common.  In  May  and  June 
their  length  ranges  from  7|  to  9  inches  or  thereabout. 

The  early  life  of  the  haddock  is  thus  spent  in  deep  water  offshore,  as 
all  our  former  experience  demonstrated,  and  as  also  shown  by  Dr  Fulton,  % 
in  1890,  in  his  remarks  on  the  distribution  of  immature  fishes.  Thus,  for 
instance,  he  pointed  out  that,  while  the  average  number  of  immature 
haddocks  within  the  three-mile  limit  was  only  O'l,  beyond  that  limit  they 
were  twenty  times  as  numerous.     'None,  moreover,  were  got  in  water 

<  under  10  fathoms  in  depth.  The  great  majority  of  those  4  or  5  inches 
'  long  were  caught  in  water  of  between  20  and  30  fathoms  in  depth,  and 
'  from  4  to  10  miles  from  shore.'      If  special  nets,  such  as  the  mid- 

♦  Vol.  L  p.  687. 

t  '  Scandinavian  FuBhes,'  p.  471. 

X  EigtUh  Awivaal  Beporif  Fishery  Boards  p.  174,  1890. 
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water  one,  are  used  over  the  various  fishing-banks  ofishore,  multitudes  of 
the  little  haddocks  are  obtained,  but  otherwise  they  do  not  come  under 
the  notice  of  fishermen  until  they  are  able  to  take  a  hook, — that  is,  when 
about  4  inches  in  length. 

Why  the  very  young  haddock  should  frequent  deep  water,  and  the 
young  cod  seek  the  inshore  water,  and  even  the  tidal  margin  at  a  similar 
stage,  is  one  of  those  mysteries  it  is  difficult  to  unravel  Such,  at  any 
rate,  would  appear  to  conduce  to  the  extraordinary  abundance  of  the 
haddock  in  the  British  area,  and  to  enable  it  to  hold  its  own  in  the  struggle 
for  existence.  The  species  exhibits  none  of  the  mottled  colouration  so 
characteristic  of  the  very  young  cod ;  indeed,  it  even  shows  less  change  in 
this  respect  than  the  whiting.  It  finds  in  the  deeper  waters  abundance 
of  food,  and  probably  greater  safety  in  its  early  condition ;  though,  it  is 
true,  cod  and  other  fishes  find  it  out  and  prey  on  it.  In  whatever  way  we 
look  at  the  subject,  this  divergence  of  habit  in  two  of  the  best  known  and 
most  esteemed  food-fishes  is  a  feature  of  great  interest. 

The  Whiting. 

The  development  Df  the  egg,  and  the  larval,  post-larval,  and  young 
stages  of  the  whiting,  were  described  in  the  '  Besearches,'  *  but  a 
largely  increased  series  of  young  examples  at  various  stages  necessitate 
a  revision  of  the  subject. 

As  a  rule,  the  whiting  sheds  its  eggs  in  the  ofiishore  waters,  where  the 
early  stages  of  the  species  are  passed,  though  there  are  grounds  for 
believing  that,  in  certain  cases,  it  spawns  somewhat  nearer  the  shore  than 
the  two  former. 

The  larval  condition  of  this  species  is  sufficiently  diagnostic  when  con- 
trasted with  either  cod  or  haddock,  since  it  has  canary-yellow  pigment 
thickly  distributed  over  the  neck,  yolk-sac,  tail,  and  fin-membranes. 
The  oldest  larva  reared  in  the  laboratory  was  distinguished  by  its  black 
pigment-spots  arranged  in  a  double  series  along  the  edges  of  the  muscle- 
plates,  the  inner  row  in  each  case  being  somewhat  fainter.  A  dense 
pigment-band  exists  in  the  sub-notochordal  region  of  the  abdomen,  and 
scattered  spots  occur  generally  over  the  surface. 

When  about  9  mm.  in  length,  in  July,  the  dorsal  and  the  anal  fins 
form  a  continuous  web,  with  only  embryonic  rays,  but  the  caudal  has  its 
permanent  rays  developing  distinctly,  and  in  a  somewhat  symmetrical 
manner  above  and  below  the  tip  of  the  notochord,  which  here  passes 
straight  backwards  to  the  middle  of  the  tail.  In  spirit,  a  considerable 
amount  of  black  pigment  occurs  on  the  dorsum  of  the  head  and  some  at 
the  tip  of  the  snout.  On  each  side  of  the  dorsal  median  fin  a  bold  line 
of  the  same  pigment  stretches  from  above  the  pectorals  to  the  base  of  the 
tail,  the  line  along  each  side  of  the  ventral  median  fin  being  much  less 
distinct,  though  the  broad  band  of  black  chromatophores  which  runs 
backwards  above  this  is  more  conspicuous  than  that  on  the  side  below  the 
dorsal  black  line.  The  latter  (lateral  pigment)  is  mostly  in  a  single  line, 
and  shorter  ;  whereas,  that  beneath  is  formed  of  two  or  three  irregularly 
distributed  from  above  downwards,  and  is  longer.  Ventrally,  a  line  of 
chromatophores  follows  the  mandible  on  each  side,  part  of  a  /^  is 
similarly  outlined  over  the  hyoid,  a  group  occurs  below  and  in  front  of 
the  breast-fin,  and  a  median  stripe  runs  along  the  abdomen.  The  head  is 
nearly  a  third  the  length  of  the  body. 

Between  the  foregoing  and  11  mm.,  permanent  rays  appear  in  the 
dorsal  and  anal  fins,  the  first  dorsal  being  somewhat  behind  the  others  in 
*  Tram,  Roy,  Soc.  £din,,  vol.  xzxv.  pi.  iii*  p.  824. 
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developing  them, — a  feature  of  considerable  interest  The  larval  marginal 
fin,  however,  still  joins  the  various  parts  to  each  other  and  to  the  tail 
The  pectoral  fins  are  large  and  fenshaped,  and  the  eyes  are  large  and  bluish- 
silvery.  Generally  speaking,  the  whiting  has  more  black  pigment  in  the 
postero-lateral  region,  both  in  this  and  in  the  previous  stage,  than  the  cod. 
No  ventral  fins  are  present. 

At  12  mm.  the  dorsal  and  the  anal  fins  are  outlined,  though  not  yet  sepa- 
rated from  each  other,  and  the  permanent  rays  are  more  distinct  in  them 
and  in  the  caudaL  Minute  ventrals  are  now  present,  while  the  pectorals 
form  large  mobile  fans.  The  ventrals  at  this  stage  are  in  a  line  with  the 
posterior  edge  of  the  base  of  the  pectorals,  and  thus  differ  from  their 
]K»sition  in  the  adult.  Groups  of  black  pigment-corpuscles  are  distributed 
along  the  base  of  the  dorsal  and  the  anal  fins  as  well  as  over  the  brain, 
and  a  similar  series  exists  along  the  ventral  median  line  of  the  abdomen. 
Black  specks  also  occur  along  the  premaxillaries  and  the  mandible. 
The  head  is  disproportionately  large.  Minute  copepods  are  the  most 
conspicuous  contents  of  the  stomach  at  this  stage. 

At  15  mm.  the  species  is  distinguished  from  the  cod  by  the  more 
abundant  distribution  of  black  pigment-specks  along  the  sides  of  the  body 
and  on  the  fins,  and  by  the  greater  length  and  diminished  depth  of  the 
first  anal  fin.  The  latter  also  readily  separates  it  from  the  haddock. 
At  this  stage  many  show  a  series  of  black  pigment-specks  over  the  silvery 
lateral  region  of  the  abdomen  from  the  dark  dorsal  arch  (peritoneal) 
downward.  The  pelvic  fins  have  moved  slightly  forward.  There  is  pro- 
portionally less  pigment  when  the  ventral  edge  is  surveyed  than  at  the 
9  mm.  stage,  but  a  more  general  distribution  has  taken  place  laterally. 

At  20  mm.  the  first  anal  fin  has  assumed  the  characters  of  the  adult 
organ,  the  body  has  considerably  elongated,  so  that  the  head  appears  to 
be  smaller.  The  ventral  fins  have  their  origin  distinctly  in  front  of  the 
bases  of  the  pectorals.  A  considerable  aggregation  of  black  pigment  is 
present  along  the  dorsal  margin,  and  all  the  median  fins  are  dotted  with 
the  same  colour,  especially  the  dorsals.  Traces  of  the  median  ventral 
black  line  are  still  visible.  The  black  pigment-corpuscles  along  the  sides 
often  present  a  more  or  less  longitudinally  linear  arrangment.  No  scales 
are  developed.  A  minute  papilla  in  the  median  line  of  the  mandible 
indicates  a  barbel. 

Shortly  after  this  stage,  viz.,  when  about  32  mm.  in  length,  a 
tendency  in  the  dorsal  pigment  to  form  separate  touches  is  observ- 
able ;  the  ventral  surface  of  the  abdomen  becomes  white.  Besides 
the  former  touches,  a  few  distinct  bars  occur  at  the  base  of  the  taiL 
The  black  pigment  over  the  head,  body,  and  fins  has  largely  in- 
creased, the  sides  being  minutely  flecked  all  over.  The  ventrals  are 
pale,  their  tips  extend  beyond  the  vent,  and  their  bases  are  carried 
still  further  forward.  A  minute  barbel  is  generally  present  Scales 
are  now  developing,  though  the  minutely  granular  areas  which  in- 
dicate them  are  separated  by  considerable  intervals.  The  distinction 
between  the  young  whiting  at  this  stage,  and  the  young  cod  of  the  same 
length,  is  marked.  In  the  whiting,  the  median  dorsal  fin  is  less  abruptly 
elevated  than  in  the  cod ;  and  the  elongation  of  the  first  anal,  with  the 
shortening  of  the  abdomen,  are  diagnostic  in  the  whiting.  The  pigment- 
specks  closely  cover  the  sides  of  the  body  in  the  whiting,  as  well  as  the 
membranous  webs  of  the  dorsal  fins,  and  are  continued  on  the  head.  The 
pigment  at  the  base  of  the  caudal  rays  is  more  distinct  in  the  whiting,  and 
the  lancet-shaped  caudal  end  of  the  trunk  is  longer  in  this  species.  The 
muscle-plates  are  coarser  in  the  cod,  and  the  surface  has  little  of  the 
dappled  silvery  sheen  of  the  whiting.     The  chromatophores  in  the  cod  are 
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groaped  in  blotches  over  the  sides,  with  intennediate  pale  patches,  and 
the  shoulder  and  head  have  much  less  pigment  than  in  the  whiting. 
Both  the  pectoral  and  the  ventral  fins  of  the  cod  are  shorter.  The  snout 
of  the  whiting  is  shorter  and  broader,  as  well  as  deeper,  and  the  minute 
l)arbel  of  the  latter  is  in  contrast  with  the  long  barbel  of  the  cod.  The 
latter  has  the  larger  eye,  and  its  scales  seem  to  be  developed  somewhat 
later  than  in  the  whiting  of  the  same  length.  The  whiting  would  appear 
to  attain  a  plump  body  and  a  finished  ouUine  sooner  than  the  cod. 

At  45  mm.  the  whiting  clearly  shows  the  scales  along  the  sides,  and 
the  whole  body  is  minutely  speckled  with  black  pigment,  with  the 
exception  of  the  lower  part  of  the  cheeks,  the  ventral  surface  of  the 
branchial  region,  and  the  silvery  abdomen.  The  three  dorsal  fins  are  tinted 
with  the  same  pigment,  the  first  bSng  darkest.  Both  anals  also  have  a 
few  dots,  and  the  pectorals  are  similarly  speckled  minutely, — the  pig- 
ment being  best  seen  on  their  inner  or  posterior  surfaces.  The  ventral  fins 
are  pale. 

The  foregoing  stages  are  very  abundant  in  July  in  the  deep  water  off 
the  Island  of  May  and  off  the  mouth  of  the  Forth.  They  are,  indeed,  more 
characteristic  of  deep  water  than  of  the  shallow  water  of  such  open 
bays  as  St  Andrews ;  though,  on  reaching  a  larger  size,  they  are 
common  in  the  latter.  Thus,  the  contrast  between  the  numbers  procured 
by  the  midwater-net  25  to  30  miles  south-east  of  the  Island  of  May,  and 
those  captured  by  the  same  net  in  inshore  waters,  is  great.  In  the 
deep  water  their  length  varies  from  9  to  58  mm.  Comparatively  few, 
however,  being  at  either  extremity. 

As  the  whiting  increases  in  size,  great  shoals  are  found  in  the  offshore 
waters,  though  a  few  small  are  almost  always  found  in  inshore  areas.  It 
is  rare,  however,  to  find  a  whiting  so  small  as  If  inch  amongst  the 
multitudes  of  gadoids  (chiefly  cod  and  green  cod)  that  seek  the  tangle- 
forests  on  the  rocks  at  low-water. 

The  authors  of  the  '  Scandinavian  Fishes'  *  follow  the  opinion  of 
Prof.  Sars  that  the  '  fr^^  of  the  whiting  seek  the  shelter  of  the  jelly-fishes, 
and  feed  on  the  crustaceans  which  live  in  the  latter  as  parasites,  or 
which  adhere  to  their  tentacles,  whence  Swedish  fishermen  draw  the 
conclusion  that  the  whiting  is  produced  by  the  jelly-fishes,  and  reared  by 
them.  There  is  no  reason  to  suppose,  in  this  country  at  least,  that  a 
general  habit  of  this  kind  prevails.  Instead  of  looking  for  multitudes  of 
the  young  whiting  inshore,  as  the  authors  mention,  it  is  necessary  to  go 
to  the  deep  water  oflfehore. 

We  have  seen  that  in  July  the  same  haul  of  the  midwater-net  in  the 
'  Garland '  gave,  on  the  11th  of  July,  in  the  deep  water  offshore,  specimens 
ranging  from  9  to  58  mm.  During  this  month,  individual  specimens  of 
55  mm.,  in  groups  of  two  or  three,  and  others  of  80  mm.,  these  sizes  occur- 
ring separately,  were  captured  by  the  midwater-net  in  the  inshore  waters. 
From  their  retreats  in  the  offshore  waters,  therefore,  it  is  probable  that  the 
young  whiting  pass  to  the  inshore  waters  when  between  50  and  80  mm.,  or 
thereabout,  whether  these  stages  be  reached  in  July  or  in  August.  This  is 
the  more  likely,  since,  on  the  9th  August,  the  same  net,  used  under  the 
care  of  iVir  H.  C.  Williamson,  in  the  Moray  Firth,  gave  a  series  ranging 
from  22  to  65  mm.     These,  likewise,  had  not  yet  sought  the  inshore  area. 

The  question — in  relation  to  those  of  55  to  80  mm.,  captured  towards 
the  end  of  July  in  the  inshore  area  water,  at  a  depth  ranging  from  5  to  15 
faUioms — now  arises :  Are  these  the  fishes  of  the  season  ;  that  is,  were  they 
hatched  in  April,  or  are  they  late  examples  of  last  year's  series, — ^hatched, 
perhaps,  in  June  or  July  ?    It  is  apparent  that  so  little  difference  exists 
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between  the  largest  in  the  swarlnB  of  young  fishes  undoubtedly  pertain- 
ing to  this  season,  on  the  11th  July,  that  it  is  reasonable  to  conclude 
that  they  are  the  fishes  of  the  season.  Very  considerable  variation  in  size 
of  the  several  groups  of  whiting  is  permitted  by  the  extension  of  the 
spawning-period  over  a  considerable  interval.  Moreover,  no  evidence  has 
hitherto  been  available  of  the  occurrence  of  very  small  whitings  in 
numbers  during  the  first  months  of  the  year, — which  specimens  might 
justly  be  relegated  to  the  previous  season's  spawning.  The  hiatus  in  this 
respect  is  pronounced. 

The  variability  in  size  is  as  characteristic  of  August  as  of  July,  for,  in  the 
deep  water  south-east  of  the  Isle  of  May,  some  small  specimens,  only  7*5 
mm.  in  length,  were  obtained  as  late  as  the  31st  August ;  while  on  the  9th, 
multitudes  of  whiting,  from  22  to  68  mm.,  occurred.  Others,  caught  in 
fewer  numbers — for  so  active  a  fish  readily  avoids  the  conspicuous  mid- 
water-net — range  from  87  to  112  mm.,  or  about  3 J  to  4 J  inches. 

The  black  spot  at  the  base  of  the  pectoral  fin  superiorly  is  not  present 
in  those  at  50  mm.,  but  appears  in  diose  between  60  and  70  mm.  The 
scales  now  cover  the  skin  with  a  dense  coating. 

In  September,  multitudes  of  whitings,  from  65  to  97  mm.,  or  about  2f 
to  3f  inches,  appear  in  the  inshore  waters ;  the  larger,  and,  in  some  cases, 
older  examples,  pushing  ahead  of  their  neighbours  into  the  estuaries  of 
rivers,  such  as  the  Eden  and  the  Forth,  where  they  are  captured  by 
various  nets,  and  occasionally  in  enormous  numbers.  Thus,  in  the  case 
related  by  Dr  Fulton,^  more  than  3606  were  taken  in  the  Forth  in  one 
haul  of  a  small  trawl  with  a  beam  of  18  feet.  None  were  obtained 
20  ndles  seaward  of  the  Island  of  May  at  this  time.  In  the  Eden  such 
forms  range  from  125  to  135  mm.,  or  about  5  to  5 J  inches.  The  growth, 
therefore,  seems  to  be  remarkably  rapid  during  the  latter  part  of  July, 
in  August,  and  in  the  following  month  or  two.  Smaller  specimens, 
however,  are  occasionally  caught  in  the  tow-nets,  especially  o^hore,  as 
usual  with  most  fishes.  Thus,  whiting  of  an  inch  or  a  little  more  (25 
to  27  mm.)  occur  so  late  as  the  22nd  of  September.  In  October,  again, 
one  of  only  45  mm.  was  obtained  inshore  (St  Andrews  Bay).  The  authors 
of  the  *  Scandinavian  Fishes  '  state  that  they  make  their  way  to  the 
inshore  water  only  in  October,  and  when  10  to  12  cm.  (4  to  4|  inches) 
long.  They  keep  such  haunts,  indeed,  till  spring,  when  they  return  to 
deep  water. 

In  November  the  smaller  specimens  are  from  3|  to  5f  inches,  some 
exceeding  the  latter ;  while  in  December,  the  small  examples  are  from  5 
to  6  inches,  such  forms  in  both  months  being  sometimes  procured  from  the 
liners, — that  is  to  say,  they  readily  take  a  hook ;  indeed,  in  certain  cases, 
the  small  whitings  are  almost  as  troublesome  as  the  star-fishes. 

Mr  Cunningham,t  reporting  on  Mr  Holt's  specimens  of  small  fishes, 
observes  that  those  measuring  4  to  7^  inches  in  January  may  be  divided 
into  two  groups,  viz.,  those  from  4  to  5J  inches,  which  had  evidently 
been  hatched  the  preceding  April;  and  secondly,  those  from  6  to  7 J 
inches, — about  which  he  is  somewhat  doubtful,  though  he  enters  them  at 
eleven  months.  When,  however,  he  comes  to  a  fish  8^  inches  on  February 
20th,  he  thinks  the  limit  has  been  reached,  and  he  estimates  it  at  two 
years  old.  But,  according  to  what  is  shown  above,  if  a  whiting  can 
reach  6f  inches  or  a  little  more  on  November  25th,  especially  in  northern 
waters,  it  is  by  no  means  impossible  for  it  to  attain  8f  inches  the 
following  February,  The  whiting  is  a  remarkably  predaceous  fish,  and 
the  rapidity  of  growth  towards  the  end  of  autumn  favours  the  view  here 

•  Eighth  Annual  Report  of  the  Fishery  Board,  p.  176. 
t  Jour.  Mar,  Biol,  Assoc,,  1891-92,  p.  358. 
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giyen.    It  is  a  saleable  fish  in  its  second  year,  and  some  imagine  it  is 
also  capable  of  reproduction. 

The  whiting  thus  would  seem  to  pass  its  early  post-larval  and  its 
young  stages  chiefly  in  the  deeper  offshore  waters, — coming  inshore  in 
immense  swarms  in  September.  It  approaches,  therefore,  the  haddock 
rather  than  the  cod  in  such  habits. 

2.  On  a  very  young  stage  of  a  form  resembling  Caranx  trachurus, 
L.,  THE  Scad  or  Horsb-Maokbrel. 

The  occurrence  of  a  specimen  apparently  pertaining  to  this  species  on 
the  25th  October  1893,  in  the  centre  of  the  Forth,  opposite  Kirkcaldy, 
gives  an  opportunity  of  referring  to  the  growth  of  this  form. 

Day  observes  that  it  spawns  in  June,  July,  and  August  in  our  country; 
but  in  spring  in  the  Mediterranean,  according  to  Risso.  In  September 
the  bays  in  Cornwall  swarm  with  the  young  about  1  inch  long.  In 
October,  numbers  scarcely  exceeding  2  inches  are  captured,  while  others 
are  7  or  8  inches  (Couch).  The  stomachs  of  fishes  contain  examples  of 
about  an  inch  from  the  end  of  December  to  the  middle  of  February. 
Couch  found  ripe  scad  in  the  middle  of  July ;  and  since  he  met  with  the 
young,  3  or  4  inches  in  length,  in  August  and  September,  he  was  in 
doubt  as  to  whether  they  did  not  spawn  twice  a  year.  Those  of  7  or  8 
inches,  however,  were  probably  a  year  old. 

The  specimen  captured  in  the  Forth  measures  about  8  mm.,  but  the  tip 
of  the  tail,  like  the  fins,  has  been  injured.  At  this  stage  the  head  is  large, 
the  mandible  bent  upward  somewhat  more  than  in  the  adult,  and  the  eyes 
are  of  considerable  size.  In  lateral  view  (Plate  YI.  fig.  9),  the  body 
is  short  and  thick,  the  precaudal  region  being  deep,  and  thus  differing  from 
the  attenuate  condition  in  the  adult.  The  first  dorsal  fin  arises  a  little 
behind  a  vertical  line  from  the  base  of  the  pectoral,  and  has  permanent 
rays ;  the  second  also  has  permanent  rays,  and  they  stop  short  of  the  caudal. 
Immediately  behind  the  prominent  vent  is  a  minute  process  representing 
apparently  the  first  anal  fin.  The  second  anal  stretches  from  the  vent  to 
the  tail ;  a  considerable  interval,  however,  existing  between  its  termination 
and  the  caudal  rays,  and  thus  it  difiers  from  the  condition  at  a  later 
stage.  The  pre-caudal  region,  however,  undergoes  modification  as  growth 
proceeds.  Permanent  rays  are  likewise  present.  The  caudal  rays  are  well 
developed  (though    injured),   and    all    trace  of    the    larval    tail    has 


The  pectorals  spring  from  a  projecting  fleshy  base,  and  are  broad  fan- 
shaped  organs.  They  appear  to  have  the  same  relation  to  the  first  dorsal 
as  in  the  adult.  Their  tips,  unfortunately,  are  incomplete.  The  ventral 
fins  are  already  considerably  developed,  forming  a  pair  of  stiff  fins  pro- 
jecting from  a  firm  basis,  which  is  nearly  in  a  line  with  the  base  of  the 
pectorals,  as  in  the  later  stages.  The  rays  are  injured  in  the  specimen,  the 
longest  being  short  of  the  vent.  The  latter,  if  the  tail  had  been  complete, 
would  occupy  the  centre  of  the  body. 

Recently  Mr  Holt^  has  described  (in  May)  both  the  unripe  t  and 
the  ripe  eggs  which  are  pelagic,  from  103  to  1*09  mm.  in  diameter,  and 
have  an  oil-globule.  Moreover,  the  yolk  was  completely  segmented. 
Mr  Cunningham  again  found  the  young  2*1  inches  in  August,  and  in 
September  some  were  only  about  half  the  length.  | 

Long  ago,  A.   W.   Malm  was  familiar  with  the  fry  as  frequenting 

•  Jour,  Mar,  Brit.  Assoc ,  1898-94,  p.  190, 
t  Sci.  Trans.  Ray,  Dub.  Soc,f  v,  ter.  8,  p.  9. 
t  Itnd.,  1891-92,  p.  118. 
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jeUy-fisheA  (Oyaifiea  and  Rhizodoma).  From  the  22nd  July  to  the 
18Ui  August  they  range  from  12  to  36  mm.^  He  states  that 
'generally  only  from  three  to  seven  are  found  under  the  same 
*  jelly-fish.'  If  removed  from  the  latter,  and  thrown  into  the 
water  near  it,  they  at  once  endeavour  to  regain  their  hiding-place. 
Like  all  very  small  fry,  they  are  at  first  quite  unlike  the  adult,  being 
short,  with  a  high  head  of  peculiar  shape,  and  with  the  mouth  turned 
upwards.  Until  they  are  20  mm.  long,  the  greatest  depth  of  the  body 
exceeds  the    length    of  the  head;    but  when   they  are  no  more  than 

70  mm.   long, they  have  become  normal  in  this  respect,  the 

greatest  depth  of  the  body  being  from  about  84  to  82  per  cent,  of  the 
length  of  the  head.  The  plates  of  the  lateral  line  first  appear,  though 
indistinctly,  in  specimens  from  15  to  20  mm.  long;  afterwards  they 
become  more  distinct,  and  the  lateral  carinas  appear.  In  young  speci- 
mens, 35  mm.  in  length,  these  parts  of  the  body  have  quite  the  same 
aspect  as  in  the  adult.  Shortly  after  they  have  attained  this  size,  they 
apparently  leave  the  jelly-fishes,  and  live  independently,  in  company  with 
young  herrings  and  sprats.  Scads  of  this  kind,  from  75  to  100  mm.  in 
length,  are  fairly  common  late  in  autumn. 

By  the  kindness  of  Mr  H.  C.  Williamson,  a  specimen,  33  mm.  long,  was 
procured  at  Naples  on  the  18th  August.  It  has  assumed  most  of  the 
adult  characters,  even  to  the  presence  of  keeled  plates  on  the  lateral  line 
posteriorly.  On  the  whole,  however,  it  is  a  shorter  and  a  deeper  fish  than 
the  adult,  with  a  larger  head  and  eye.  The  pigment  of  the  body  is  much 
less  developed  than  that  of  the  adult,  and  the  two  dorsal  and  the  caudal 
fins  are  minutely  dnsted  with  black.  The  second  dorsal  and  the  anal 
almost  touch  the  base  of  the  tail.  The  bases  of  the  ventrals  are  behind 
those  of  the  pectorals,  whereas  in  the  adult  they  are  nearly  in  the  same 
perpendicular,  and  the  abdomen  has  considerably  lengthened.  The 
lateral  line  shows  indications  of  the  hard  plates  (carinsB).  This  specimen 
would  seem  to  have  been  spawned  in  spring,  probably  in  April  or  May, 
and  therefore  the  season  is  earlier  than  that  mentioned  by  Day, 
viz.,  July. 

3.  On  the  Post-Larval  and  young  stages  op  the  Five-Bearded 
EooKLiNG  (Ono8  mustda,  L.). 

The  development  of  the  egg  of  this  species  was  first  studied  by  the  late 
able  worker,  Mr  George  Brook,  t  in  his  own  tanks  at  Huddersfield,  where 
he  reared  the  form  to  the  early  post-larval  stage.  It  was  also  one  of  the 
earliest  species  dealt  with  at  St  Andrews,  and,  indeed,  has  been  under 
observation  almost  every  year  since  1884.]:  The  separation  of  the  post- 
larval  stages  caught  in  the  various  tow-nets,  however,  has  always  been 
a  task  of  difficulty.  The  following  remarks,  accordingly,  are  a  contribu- 
tion to  the  elucidation  of  this  common  species  in  these  early  stages. 

In  a  form,  measuring  7*5  mm.,  from  St  Andrews  BAy,  on  the  17th 
June,  the  marginal  fin  is  still  continuous,  but  has  true  rays  developing  at 
its  base,  both  in  the  dorsal  and  in  the  anal  regions.  True  rays  also 
occur  in  the  caudal,  in  which  the  tip  of  the  notochord  is  slightly  bent 
up.  In  Ufe,  its  head  was  slightly  olive,  with  black  pigment ;  the  abdomen 
silvery,  with  reddish-brown.  Blackish  pigment  occurred  along  the  dorsum 
and  the  sides,  chiefly  over  the  former.  The  eyes  were  silvery-bluish.  The 
rays  of  the  moderately  elongated  ventrals  were  dull  yellowish,  and  thus 

*  '  Scandinavian  Fishes,*  p.  88. 

t  Jowr.  Linn.  Soe.,  vol.  xviii.  p.  278,  1885. 

t  M'Intosh  k  Prince's  '  Researches,'  p.  882,  etc. 
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in  contraft  with  their  general  blackiflh  dusting.  The  oircolation  was 
complete,  and  in  full  activity. 

In  contrast  with  the  young  four-bearded  rockling  of  exactly  the  same 
length,  the  eye  is  brownish  instead  of  bluish-black,  and  silvery, — a  feature, 
however,  to  which  no  weight  need  be  attached.  No  pigment  occurs  on 
the  body,  but  the  ventral  fins  are  brownish  throughout,  and  much  shorter 
than  in  the  other  species.  The  snout  is  less  blunt  and  heavy  than  in  the 
four-bearded  form, — a  feature  partly  due  to  its  diminished  diameter.    . 

At  16*5  mm.  a  large  barbel  occurs  at  the  tip  of  the  mandible,  and 
short  processes  at  the  anterior  nostrils,  as  well  as  traces  of  the  labial 
barbels.  The  pectoral  fins  are  considerably  elongated,  though  they  have 
not  reached  as  far  back  as  the  tips  of  the  ventrals.  The  body  is  silvery, 
with  the  exception  of  a  small  portion  at  the  tail,  and  with  dark  pigment 
at  the  dorsum.  The  tail  is  symmetrical,  so  that  the  curve  of  the  notochord 
would  seem  to  be  temporary. 

A  young  parasite  (Caligus)  had  fixed  itself  over  the  cardiac  region. 

At  24  mm.  (Lochmaddy,  in  August),  the  characters  are  quite  evident, 
viz.,  the  presence  of  five  barbels,  the  largest  being  that  on  the  chin,  and  the 
last  developed  being  the  pair  on  the  lips,  the  character  of  the  head,  and  the 
greater  depth  of  the  trunk  immediately  in  front  of  the  caudal  fin.  Day 
states  that  the  young  of  this  form  is  brown,  with  blue  eyes ;  but  not  a  few 
of  the  length  just  mentioned,  and  larger,  have  the  steel-blue  of  the 
dorsum,  and  the  silvery  sides  so  characteristic  of  the  four-bearded  species 
{Ono8  cimbrius).  Perhaps,  however,  Dr  Day  alludes  to  a  later  stage, 
and  variations  may  occur  in  regaid  to  the  assumption  of  the  adult 
characters.  The  first  ray  of  the  dorsal  is  not  much  thickened  in  these 
bluish  silvery  pelagic  forms. 

When  28*5  mm.  long,  on  the  9th  of  June,  an  example  showed  that  at 
this  stage  variation  also  occurred,  since  the  labial  barbels  were  just 
indicated,  and  no  more.  The  dorsum  was  not  so  deeply  pigmented  as  in 
some,  but  the  whole  fish  was  silvery.  The  filament  of  the  first  dorsal 
fin  was  long.  The  ventrals  were  still  long,  though  proportionally  shorter 
than  in  the  early  stages,  being  apparently  about  a  seventh  the  length  of 
the  body,  and  with  black  pigment  at  the  tip. 

One  at  30  mm.,  in  August,  had  so  far  altered  its  habit  as  to  be  found 
amongst  muddy  sand — when  digging  for  littoral  annelids  at  Lochmaddy, 
North  Uist.  Its  more  sober  hue,  deeper  body,  longer  fins,  and  less 
attenuated  form  at  once  distinguished  it  from  the  preceding  stage.  The 
dorsum  was  of  a  dull  green,  dotted  with  black — merging  inferiorly  into 
the  silvery  lustre  of  the  sides ;  though,  towards  the  tail,  the  dull  green 
again  predominated.  The  cheeks  behind  the  eyes  were  silvery,  dotted 
with  black ;  the  black  chromatophores,  indeed,  occurred  over  Uie  entire 
body,  with  the  exception  of  the  anterior  part  of  the  abdomen,  which  was 
silvery,  with  a  bluish-green  iridescence.  The  irides  wei-e  greenish-blue. 
In  spirit,  the  colour  of  the  dorsum  became  russet-brown,  and  a  faint 
brownish  hue  appeared  on  the  sides.  The  pectoral  fins  were  kept  in 
rapid  vibration,  and  the  first  dorsal  had  the  usual  active  ciliary  motion. 
The  first  ray  of  the  latter  had  a  probe-point.  The  head  had  now  assumed 
its  characteristic  proportions.  The  barbels  were  longer.  The  pelvic 
fins  were  still  long ;  while  the  tactile  extremities  of  the  four  anterior  rays 
— especially  the  separate  tips  of  the  first  and  the  second — were  better 
developed,  probably  in  connection  with  the  change  of  habit. 

A  series  of  pelagic  specimens,  captured  between  the  6th  and  27th  of 
October,  show  that,  in  this  species,  the  dark  dorsum  and  silvery  sides  are 
characters  pertaining  to  pelagic  life;  and,  moreover,  that  some  pursue 
this  habit  longer  than  others,  or  at  least  attain  a  considerably  larger  sixe 
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before  assuming  the  condition  jast  noted  in  that  of  30  mm.  from  Loch- 
maddy.  The  smallest  of  these  range  from  9*5  to  19  mm.,  but  though 
they  agree  with  the  present  species  in  pelagic  dress,  there  may  be  a  doubt 
Not  so  with  one  of  25  mm.  on  the  same  date,  and  in  the  same  locality, 
viz.,  October  9th,  in  the  Moray  Frith.  The  dark  bluish-green  dorsum 
and  the  silvery  sides  are  as  in  the  other  species ;  but  the  depth  of  the 
trunk  in  front  of  the  tail,  and  the  small  labial  barbels,  together  with  the 
condition  of  the  first  ray  of  the  anterior  dorsal,  place  the  identity  beyond 
question.  Similar  characters  are  present  in  an  example  28  mm.,  procured 
in  the  same  region  on  the  6th  of  October,  though  the  first  ray  of  the 
anterior  dorsal  is  more  slender.  At  32  and  34  mm.,  in  the  same  Frith, 
on  the  26th  and  23rd  of  October,  all  the  features  are  better  indicated, 
such  as  the  proportional  size  of  the  head  and  eye,  the  somewhat  thick 
and  slightly  probe-pointed  first  ray  of  the  anterior  dorsal,  which  projects 
beyond  the  rest,  the  barbels,  and  the  depth  in  front  of  the  caudal  fin. 
The  steel-grey  of  the  dorsum,  and  the  silvery  sides,  are  well  marked  ;  but 
the  latter,  with  the  exception  of  the  abdomen,  is  minutely  dotted  with 
black  points,  so  as  to  have  a  granular  appearance.  The  ventrals  are 
often  injured  at  the  tip,  and  young  parasitic  crustaceans  (Caligi)  cling 
to  these  and  other  parts,  e.^.,  the  cheeks.  Lastly,  one  of  no  less  than 
40  mm.  comes,  like  several  of  the  latter,  from  the  sur&ce,  though  from  a 
different  locality,  viz.,  near  Inchkeith.  The  colours  agree  with  the 
foregoing,  and  the  granular  black  pigment  of  the  sides  has  now  invaded 
the  first  half  of  the  posterior  dorsal  fin.  It  is  thus  apparent  that  other 
questions  than  that  of  size  determine  the  change  of  habit  and  colour  in 
this  species.  A  similar  example,  39  mm.  long,  comes  from  the  stomach 
of  a  cod  in  August. 

Of  those  which  present  the  change  just  mentioned,  two  were  obtained 
amongst  the  rocks  on  the  26th  July,  and  measure  respectively  35  and  42 
mm.  All  trace  of  the  silvery  hue  has  gone ;  and  the  entire  body,  as  well 
as  the  second  dorsal  fin,  is  minutely  dotted  with  black  chromatophores, 
those  on  the  abdomen — both  laterally  and  ventarally — being  distinctly 
larger.  The  first  rays  of  the  anterior  dorsal  still  shows  a  slight  probe- 
point,  but  the  ventral  fins  are  injured. 

Another,  of  44  mm.,  also  procured  amongst  the  rocks  in  October,  presents 
a  silvery  belly,  and  more  or  less  silvery  sides,  with  the  usual  brownish 
hue  elsewhere ;  the  sides,  but  not  the  abdomen,  being  very  minutely  dotted 
with  black  chromatophores.  Considerable  variations  are  therefore  ex- 
hibited by  the  five-bearded  rocklings  in  this  condition. 

In  January  young  five-bearded  rocklings  of  a  brownish  hue,  and  of 
the  following  lengths,  are  met  with  between  tide-marks  : — 37*5  mm.,  with 
silvery  sides,  minutely  speckled  with  black ;  40  mm.,  also  silvery,  and 
with  similar  black  specks ;  43  mm.,  without  silvery  lustre,  and  with  bold 
black  chromatophores  all  over  the  body  and  fins,  while  the  filament  of  the 
first  dorsal  is  long ;  52  mm.,  without  silvery  lustre,  and  with  black  specks 
all  over.  All  these  are  the  young  of  the  preceding  season.  It  is  possible, 
also,  that  one  of  70  mm,,  with  black  specks  all  over  the  head  and  body,  as 
well  as  faintly  on  the  fins,  may  be  an  early  one  of  the  same  season  as  the 
foregoing.  In  April,  again,  young  rocklings  of  If  inches  are  occasionally 
met  with  at  the  surface.  One  of  80  mm.,  in  July,  between  tide-marks 
(Guernsey),  appears  to  be  a  continuation  of  the  series.  In  August,  at  St 
Andrews,  the  smaller  examples  range  from  If  to  4f  inches ;  while  at 
Lochmaddy  the  higher  limit  is  5  inches  during  the  same  month.  The 
larger  are  probably  in  their  second  year.  The  same  may  be  said  of  those 
at  103  mm.  in  February,  and.of  110  and  133  mm.  in  November.  Those 
of  6^  inches  are  somewlmt  older. 
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Mr  Canningham  found  that  specimens  1  inch  long  on  the  2l8t  May 
were  3^  inches  in  August  in  the  tanks  of  the  laboratory  at  Plymouth  ; 
while,  in  May  of  the  following  year,  one  had  grown  to  a  length  of  fully 
5  inches.  He  does  not,  however,  clearly  indicate  the  age  of  the  examples 
measuring  1  inch. 

Day  observes  that  at  an  early  stage  the  five-bearded  rockling  may  be 
distinguished  from  the  three-bearded  by  the  presence  of  dull  yellowish  rays 
in  the  dark  ventral  fins ;  when  nearly  an  inch  long  by  the  five  barbels, 
by  the  brownish  hue  of  the  back  and  trunk.  The  eyes  are  smaller,  the 
space  between  them  broader,  and  the  barbels  are  longer.  The  first  dorsal 
fin  is  also  longer  from  before  backwards.  Some  of  those  characters,  how- 
ever, are  of  little  avail  in  preserved  material ;  and  hence  the  necessity  for 
a  careful  revision  of  all  the  more  permanent  features. 

4.  On  thb  vbrt  tounq  stagbs  op  thb  Tadpole  Haeb 
{Raniceps  raninua,  L,). 

Pamell  says  that  this  species  sheds  its  spawn  in  April,  while  R.  Couch 
gives  July.  J.  Couch  observes  that  in  April  the  roe  appeared  to  be  at 
the  beginning  of  its  enlargement.     '  That  the  young  ones  are  produced  at 

*  no  great  distance  from  the  coast  appears  probable,  although  they  are 

*  rarely  met  with ;  but  Mr  Newman  found  several  of  small  size  amongst 

*  sprats  in  London ;  and  I  learn  from  Charles  H.  Gatty,  Esq.,  F.L.S.,  that 
'  he  obtained  a  small  example  at  Great  Tarmouth.'^  Day,  again,  mentions 
that^  in  Mr  Thompson's  fish,  taken  on  October  the  8th, '  ova  were  contained 
'  in  two  small  lobes,  about  an  inch  in  length.'  He  also  adds  that  Mr  Dunn 
has  taken  very  small  ones  from  the  stomachs  of  other  fishes.  In  the '  Scan- 
dinavian Fishes '  it  is  stated  that '  Nilsson  was  told  that  the  tadpole-fish 
'  spawns  between  Martinmas  and  Christmas,  but  this  is  probably  an  ex- 

*  ception  to  the  general  rule.*     It  may  also  be  an  error.     Further,  *  In  the 

*  month  of  July,  Fries  observed,  on  the  coast  of  Bohuslan,  two  tadpole-fish 
'  that  kept  close  to  each  other,  and,  caressing  each  other  in  every  possible 

*  manner,  came  right  up  to  a  landing-place  in  3  dm.  of  water,  where  they 
'  finally  hid  themselves  under  the  frame  of  the  pier.'  It  is  also  mentioned 
that  two  young  tadpole-fishes,  between  6  and  6^  cm.  long,  were  captured 
in  Octoter. 

The  foregoing  contains  all  the  information  on  the  subject,  until,  on  the 
29th  October  1894,  a  very  young  specimen  was  procured  by  the  *  Garland,' 
in  the  Moray  Frith,  between  Coversea  and  Burghead.  The  total  length 
is  about  9  mm.  The  outline  of  the  little  fish  is  remarkably  clavate,  the 
anterior  end  rising  somewhat  abruptly  upwards  from  the  slender  body  ; 
while  the  prominent  vent,  with  its  anterior  ridge  along  the  ventral  surface 
of  the  abdomen,  still  further  gives  bulk  to  the  region  (Plate  YI.  figs.  7 
and  8).  This  anterior  enlarged  part  of  the  fish  occupies  4  out  of  the  9 
mm.  The  skin  seems  to  have  been  distinctly  pigmented,  a  large  shield- 
shaped  area  of  brownish-black  chromatophores,  with  its  broad  end  in 
front,  occurring  between  and  behind  the  eyes,  with  a  few  isolated  specks 
posteriorly.  The  cheeks  below  the  eyes  are  also  speckled  with  the  same 
pigment.  The  sides  of  the  body  from  the  pectorals  backward  are 
minutely  marked  with  blackish-brown  pigment,  which,  in  the  preparation, 
does  not  reach  the  tail.  On  the  ventral  surface  the  pigment  forms  a  V, 
with  the  apex  forward,  in  the  hyoidean  region ;  and  the  angle  of  the  ventral 
fin  on  each  side  is  marked  by  the  same  chromatophores. 

The  snout  is  comparatively  blunt,  and  the  black  eyes  are  (in  spirit)  of 
moderate  or  even  small  size  for  so  large  a  head  in  a  post-larval  fish.     They 

♦  Couch,  voL  iii.  p.  128. 
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look  forward,  outward,  and  nlightly  downward.  The  nasal  organ  shows 
only  a  single  large  opening  close  in  front  of  the  angle  of  the  eye.  The 
mouth  is  large,  and  the  tongue-like  process  of  the  hyoidean  apparatus 
projects  forward  on  its  floor.  The  breadth  of  the  lower  jaw  inferiorly  is 
considerable,  so  that  the  little  fish  rests  steadily  on  this  surface.  The 
vent  occurs  at  the  end  of  a  ventral  ridge. 

The  second  dorsal  fin  begins  like  that  of  the  adult,  a  little  behind  a 
line  prolonged  upwards  from  the  base  of  the  pectoral,  and  stretches  almost 
continuously  to  the  tail.  At  this  stage  true  fin-rays  are  present,  though 
the  fragmentary  condition  of  many  of  these  gives  a  degree  of  uncertainty  as 
to  the  actual  continuation  of  the  dorsal  into  the  caudal.  All  that  can  be 
said  is,  that  the  broken  caudal  rays  rise  clear  of  the  broken  dorsal  and  anal 
rays,  as  if  a  slight  hiatus  existed.  The  anal  commences  immediately 
behind  the  vent,  and  extends  in  the  same  way  almost  to  the  caudaL 
The  pectorals  have  a  large,  free,  fleshy  basis,  and  are  apparently  large ; 
but  as  only  one  had  a  portion  of  its  rays  present,  the  exact  condition 
cannot  be  determined.  The  pelvics  spring  from  the  ventral  surface  con- 
siderably anterior  to  the  pectorals,  and  have  evidently  been  of  great 
length.  Thus,  in  regard  to  their  insertion,  they  diner  from  certain 
gadoids  in  which  a  change  forwards  takes  place  during  the  growth  of  the 
fish.  The  six  filmy  rays,  all  of  which,  however,  are  imperfect,  extend 
considerably  beyond  the  vent ;  whereas,  in  the  adult,  the  longest  ray  falls 
considerably  short  of  it.  Like  the  ling,  rockling,  and  other  gadoids, 
therefore,  the  tadpole-fish  has  very  long  ventrals  in  his  pelagic  stage ;  and, 
as  Malm  states,  the  colour  of  these  is  also  characteristic,  viz.,  deep  black. 
No  trace  of  colour  on  the  fins  proper  remained  in  the  present  example, 
which  had  been  much  damaged  before  preparation. 

In  all  probability,  such  a  specimen,  if  the  date  be  correct,  would  issue 
from  an  egg  spawned  in  July  or  August ;  and  its  capture  in  the  region 
mentioned  would  show  that  the  young  are  found  on  the  same  ground  as 
their  parents,  which  are  often  caught  in  crab-pots  inshore,  or  thrown  on 
shore  after  storms. 

Of  the  other  sizes  known,  one  of  8^  inches  was  got  at  Portrush  *  on 
the  5th  March  ;  while,  at  St  Andrews,  those  procured  in  February  were 
respectively  9,  10,  and  10^  inches,  and  that  of  the  2l8t  November,  10 
inches.     The  latter  would  appear  to  be  an  average  specimen. 

A.  W.  Malm  caught  a  young  example,  13  mm.  long,  on  the  23rd  July, 
at  Lunnevik,  Bohuslan.  It  ^  was  entirely  whitish,  with  the  exception  of 
the  ventral  fins,  which  were  deep  black ;  while  blackish-brown  pigment 
also  appeared  on  the  head,  the  front  part  of  the  sides,  and  across  the 
occipital  region.  Still,  the  typical  form  of  the  species  was  already 
developed.'  t 

At  St  Andrews,  a  specimen,  10  inches  long,  had,  on  the  21st  November, 
its  reproductive  organs  extremely  small, — in  fact,  rudimentary. 

*  Ojrilby,  quoted  from  Day. 

t '  ScandiDavian  Fishes,'  p.  661 ;  and  A.  W.  Malm,  *  Qoteborin,  etc..  Fauna.' 
p.  499,  1877. 
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EXPLANATION  OP  PLATES. 

Plati  V. 

Fig.  1.  Haddock,  24  mm.  long.    Natural  size. 

Fig.  2.  Haddock,  abont  29  mm.  long.    Natural  size. 

Fig.  3.  Haddock,  about  39  mm.  long. 

Fig.  4.  Haddock,  about  50  mm.  long.    Natural  size. 

Fig.  5.  Enlarged  drawing  of  lig.  2.   The  rays  of  the  second  anal  have  been  too  much  curved. 

Fig.  6.  Haddock,  about  5  inches  long.    Natural  size. 

Pig.  7.  Enlarged  drawing  of  haddock»  about  89  mm.  long. 

Platu  VL 

Pig.  1.  Young  whiting,  26  mm.  long.    Natural  fdze. 

Pig.  2.  The  s^me,  enlaiiged  nnder  a  lens. 

Fig.  3.  Young  whiting,  30  mm.  long.    Natural  size. 

Fig.  4.  Young  whiting,  about  40  mm.  long.    Natural  size. 

Fig.  5.  Young  cod,  84  mnu  long,  enlarged  under  a  lens  to  shov  tke  arrangement  of  the 

chromatophores.    28th  May  1896.    (Formalin.) 
Fig.  6.  Young  cod,  about  5  inches  in  length.    22ud  September  1887.     Natural  size. 
Fig.  7.  Ventral  view  of  a  young  tadpole-hsh,  9  mm.  long.    29th  October  1894,    Enlarged 

under  a  lens. 
Fig.  8.  Lateral  view  of  the  same  form.    Similarly  enlarged. 
Fig.  9.  Lateral  view  of  a  young  fish  (8  mm.  long)  resembling  the  horse-mackerel  (Caranx). 

25th  October  1893.    The  tail  is  imperfect    Enlarged  under  a  lens. 

Platb  VII. 

Fig.  1.  Developing  and  widely  separated  scales  of  a  haddock,  45  mm.  in  length  x  100. 
Fig.  2.  Developing  scales  (almost  touching)  of  a  haddock  53  mm.  long  x  100. 

Figs.  3.-5.  Illustrating  Mr  Kyle's  Note  on  a  hermaphrodite  ling  (p.  896). 

r.  0,  Right  ovary,  with  small  portion  of  testis  attached. 

0.  Oviduct ;  me  two  portions  of  the  reproductive  organs  were  joined  ronnd  o. 
r.  t.  Right  testis. 

h.  V.  Blood-vessel. 

L  0.   Left  ovary,  with  smidl  portions  of  testis  attached. 

1.  t.  Left  testis. 

p.  0.  Small  ovary,  posterior  to  oviduct, 

p.  t.  Posterior  portion  of  testis. 

d.      Duct,  from  right  testis  leading  into  right  ovary,  showing  longitudinal  ridges  on  its 

lower,  and  honeycombed  appearance  on  its  upper  surface. 
V,      Fold  or  valve  across  the  duct,  with  small  opening. 
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v.— REPORT  OF  OBSERVATIONS  ON  PLANT  PLANKTON.  By 
Gborgb  Murray,  F.R.S.E.,  F.L.S.,  Keeper  of  the  Department  of 
Botany,  British  Museum. 

At  the  request  of  the  Board  I  have  carried  out  a  series  of  observations 
on  the  minute  free-floating  vegetation,  especially  of  the  west  coast  The 
importance  of  a  study  of  such  organisms,  as  the  basis  of  the  nutrition  of 
all  life  in  the  sea,  has  long  been  recognised,  but  very  little  has  hitherto 
been  done  in  the  way  of  investigation.  The  main  observations  were 
made  on  board  the  '  Garland '  in  three  series,  viz.,  the  first  from  26th  March 
to  6th  April ;  the  second  from  28th  July  to  15th  August ;  and  the  third 
from  2nd  December  to  8th  December.  In  March  to  April,  the  observations 
were  made  in  the  North  Sea,  and  on  the  west  coast  in  Loch  Linnhe,  the 
Sound  of  Jura,  and  principally  in  the  Clyde  sea-area.  In  July  to  August 
a  week  was  spent  in  visiting  the  former  stations  and  others  in  the  Clyde 
sea-area,  and  the  remaining  time  in  the  Sound  of  Islay,  Sound  of  Jura, 
Firth  of  Lorn,  Loch  Etive,  Loch  Linnhe,  Loch  Aber,  Sound  of  Mull,  the 
sea  round  Rum,  Eigg,  and  Arduamurchan,  Loch  Nevis,  Loch  Hourn, 
Raasay  Sound,  etc.  In  December,  observations  were  made  in  Loch  Aber, 
Loch  Linnhe,  Firth  of  Loru,  and  the  Clyde  sea-area.  The  material  ob- 
tained at  these  times  was  all  preserved,  and  its  working  out  in  detail 
occupied  me  for  a  considerable  period  in  London. 

Mbthods. — In  addition  to  tow-netting  with  fine  silk  nets — the  method 
of  capture  usually  employed — I  have  made  use  of  a  cylindrical  silk  bag, 
about  1^  feet  long  and  3  or  4  inches  wide.  This  was  tied  to  the  nozzle 
of  the  hose,  there  being  a  lateral  overflow  vent  near  the  top  of  the  bag ; 
and,  on  pumping  through  it  with  the  donkey  engine  from  an  intake  pipe 
8  feet  below  the  surface,  good  results  were  obtained.  This  method,  first 
employed  by  Dr  John  Murray,  enables  one  to  work  when  steaming,  and 
is  often  convenient  in  weather  that  is  too  rough  for  tow-netting.  The 
fixing  and  preservative  employed  was  a  0*5  per  cent,  aqueous  solution  of 
chromic  acid ;  good  results  have  also  been  obtained  from  Fleming's  solution 
and  from  platinic  chloride  of  various  strengths.  I  carried  tubes  half  filled 
with  the  chromic  acid  solution,  which  is  about  the  same  density  as 
ordinary  sea- water.  The  diatoms,  etc.,  were  turned  out  of  the  tow-net  into 
a  glass-jar,  and  allowed  to  settle  for  some  time.  They  were  then  collected 
from  the  bottom  by  means  of  a  dippiug-tube,  and  added  to  the  chromic 
acid  solution.  Several  times  during  summer,  while  working  in  haste  and 
having  large  quantities  of  diatoms  to  deal  with,  I  removed  some  en  masse 
with  a  spoon  from  the  tail  of  the  net  to  the  chromic  acid  solution.  The 
addition  of  a  mass  of  diatoms,  without  the  proper  proportion  of  sea-water, 
proved  to  be  a  mistake,  since  the  contents  of  the  ceUs  were  disorganised 
in  these  cases. 

Distribution. — The  seasonal  occurrence  of  diatoms  in  vast  numbers 
in  the  sea  has  loug  been  known,  but  no  observations  have  been  made  that 
afford  a  satisfactory  explanation  of  the  causes  that  contribute  to  the 
phenomenon.  On  both  the  east  and  west  coast,  during  the  first  months 
of  the  year,  there  is  a  remarkable  prevalence  of  diatom  life.  We  have 
no  knowledge  of  the  distance  out  in  the  Atlantic  to  which  this  extends, 
but  in  the  coastal  waters  at  this  season  the  abundance  of  diatoms  is  extra- 
ordinary. Towards  the  end  of  March  and  beginning  of  April,  the  quantity 
diminishes,  and  for  the  rest  of  the  year  diatoms  remain  at  a  fairly  con- 
stant quantity,  except  for  here  and  there  the  occurrence  of  definite  local 
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banks  of  them.  PeridinieoB,  especially  the  species  of  Ceratium^  are  very 
few  in  number  during  the  maximum  period  of  diatom  life,  but  they  come 
upon  the  scene  with  the  waning  of  the  diatom  season,  reach  a  maximum 
about  August,  and  linger  on  in  fair  quantities  until  December  at  least 
Early  in  April,  during  four  or  five  days'  work  in  Loch  Fyue,  when  diatoms 
were  exceedingly  plentiful,  I  succeeded  in  obtaining  only  one  specimen 
of  Ceraiium  Tripos,  which,  at  other  seasons,  especially  summer,  is  the 
predominant  plant  organism  in  the  western  lochs.  During  the  period  of 
most  active  diatom  life,  the  surface  of  the  sea  is  almost  monopolised  by  a 
diatom  Skeletonema  eostatum ;  while  species  of  Coscinodiscus,  Biddulphia, 
Ditylum,  Rhizosolenia,  etc.,  aboijind  in  the  layers  beneath,  the  greatest 
quantity  of  these  being  generally  obtained  at  5  fathoms,  very  few 
below  25  fathoms.  The  surface  of  the  Clyde  sea-area  so  teemed  with 
Skeletonema  in  April  that  a  tow-net  could  be  one-third  filled  in  a  few 
minutes  with  a  scum  consisting  of  it  .and  other  diatoms  in  smaller  quan- 
tity. When  I  revisited  the  same  stations  in  the  end  of  July,  I  could  not 
obtain  a  single  Skeletmiema,  and  its  absence  (at  all  depths)  continued  to 
puzzle  me  during  my  examination  of  the.  west  coast  in  August,  except  for 
a  few  specimens  obtained  near  Oban,  and  its  remarkable  occurrence  in 
this,  Loch  Etive.  While  (with  this  one  exception)  it  could  not  be  found  out- 
side, the  surface  of  Loch  Etive  simply  swarmed  with  Skeletonema  in 
abundance,  equal  to  if  not  greater  than  that  of  the  Clyde  sea-area  in 
spring.  While  it  occurred  as  a  surface  organism  in  spring,  it  was  far  more 
plentiful  in  Loch  Etive  at  5  fathoms  than  at  the  surface  in  summer. 
There  was  no  local,  low  temperature  condition  that  would  serve  to  explain 
this,  Loch  Etive  being,  in  point  of  fact,  nearly  two  degrees  warmer  than 
the  sea  outside.  In  its  greater  abundance  at  5  fathoms  than  at  the  surface 
it  agrees  with  all  other  diatoms  during  the  summer  and  winter, — at  all 
seasons,  in  fact,  except  during  the  period  of  maximum  occurrence.  If  one 
sets  nets  at  the  surface,  5  fathoms,  10  fathoms,  and  20  fathoms,  the 
result  will  be  the  greatest  capture  of  diatoms  in  general  at  5  fathoms,  a 
nearly  equal  (smaller)  quantity  (often  of  the  very  same  organisms)  at  the 
surface,  and  at  10  fathoms,  and  a  much  slighter  quantity  at  20  fathom& 
Excluding  March  and  April,  I  found  no  notable  exception  to  this  rule,  except 
in  several  hauls  in  December,  in  the  Dunoon  basin,  when  I  obtained  more 
from  10  than  from  5  fathoms.  From  the  character  of  the  special  pigment 
diatoniine,  which  masks  the  chlorophyll  in  diatoms,  and  its  resemblance 
to  the  corresponding  pigment  in  Phceophyceae,  one  would  expect  this 
vertical  distribution  of  diatom  life,  since  its  maximum  occurrence  is  nearly 
at  the  same  depth  beneath  the  surface  as  the  Laminarian  zone.  It  is 
plain  that  free-floating  organisms  like  diatoms,  from  being  subject  to 
currents  and  immersions  of  layers  of  water,  must  be  liable  and  adaptable 
to  certain  changes  of  depth,  and  to  the  varying  quantity  and  quality  of 
sunlight  that  reaches  them  at  such  depths,  just  as  shore  algSB  are  subject 
to  such  periodical  changes  in  the  rise  and  fall  of  the  tides. 

In  March  to  April,  the  plant  plankton  of  the  east  coast,  judging  by  a 
hurried  examination  of  it  in  bad  weather,  closely  resembled  that  of  the 
west  coast  outside  the  Clyde  sea-area.  The  characteristic  diatoms  were, 
in  the  order  of  their  abundance,  Coscinodtscus  coneinrms^  Chcetoceros  borealiSy 
Ditylum  Brightwellii,  Chcetoceros  decijnensy  Rhizosolenia  Shrubsolii, 
Skeletonema  eostatum,  and  Cosdnodiscus  radiatus  ;  while,  of  other  organ- 
isms, Ceraiium  Tripos,  in  places  here  and  there,  almost  rivalled  Ditylum, 
but  generally  was  about  equal  to  Rhizosolenia.  On  entering  the  Clyde 
sea-area,  however,  Ceraiium  became  much  more  scarce  ;  and  in  Loch  Fyne, 
as  said  above,  only  one  specimen  was  obtained  in  several  days'  tow-netting. 
On  the  other  hand,  Skeletonema,  from  being  scarce,  at  once  leapt  easily 
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itto  first  place,  far  exoeeding  any  other  Cljda  diatom ;  Co8einod%9cu$  can- 
einnus  alao  became  far  more  plentiful ;  and  both  species  of  OlimioeeroB, 
named  above,  also  increased  greatlj.  There  were  numbers  of  other  dia- 
toms, now  present,  now  absent,  but  these  were  the  forms  characteristic  of 
the  season.  In  summer,  while  diatom  life  was  scarcer,  there  was  a  much 
greater  variety  of  forms ;  but  only  in  the  Sound  of  Mull  and  in  Loch 
£tive  an  approach  to  the  quantities  obtained  in  the  Clyde  in  spring.  I 
sent  nine  typical  tubes  to  Professor  Cleve,  who  has  kindly  favoured  me 
with  the  report  on  them  in  the  accompanying  table. 
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These  diatoms  and  their  distribution  were  fairly  typical  of  all  the 
localities,  now  one  form,  now  another,  varying  in  abundance;  but  ChogUh 
eeros  aurvisetus,  C,  deoipiens,  C.  didymus,  RhinowUnia  Shrubaolii^  CW- 
dfnodisdiu  concinnue,  Eucampia  zodiaous,  and  Stephanapyxis  Turris  being 
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the  prevaleiit  forms.  Professor  Cleve  noted  that  the  fronds  of  G,  curvi- 
setus  were  spore-bearing, — a  fact  which  I  had  independently  noted  in  this 
species,  as  well  as  in  (7.  borealis  and  C,  constrietus.  In  addition  to  the 
diatoms,  and,  as  a  rule,  far  exceeding  them  in  total  balk,  were  the  species 
of  Ceratium,  C.  Tripos,  G,  FtLsus,  and  G,  Furca  were  all  three 
present  in  nearly  every  haul  of  the  nets,  especially  the  first  two 
species.  Sometimes  one  predominated,  sometimes  the  other ;  but,  as  a 
general  rule,  G.  Tripos  prevailed  in  the  Clyde  sea-area,  and  O.  Fusm  in 
the  northern  lochs,  but  never  to  the  exclusion  of  the  other. 

In  December,  on  the  west  coast  outside  the  Clyde  sea-area,  the 
characteristic  diatoms  were  Gomnodiscus  concinrms,  Biddulphia  mobili- 
ensis,  Ditylum  Brightwellii,  while  species  of  Chcetoceros  and  NavicvXa  were 
casually  present.  Both  CeraUum  Tripos  and  (7.  Fv>8us  appeared  sparingly 
in  all  the  captures.  Within  the  Clyde  area,  Skeletonema  became  next 
abundant  to  GosdnodiacuSy  after  it  BiddtUphia,  and  next  Ghcetocei*08  de- 
dpiens,  while  Geratium  Tripos  and  G.  Fusm  were  more  plentiful  than  in 
the  waters  outside.  Compared  with  these,  other  diatoms  and  plant 
organisms  were  of  purely  casual  occurrence.  These  appeared  more  or  less 
in  every  haul  of  the  nets,  and  in  fairly  steady  proportions,  as  cited.  Not 
a  single  specimen  of  Rhizosolenia  was  obtained  in  December,  while  some- 
times in  August  it  was  the  predominant  generic  form,  6.^.,  in  Kilbrennan 
Sound. 

At  all  seasons  of  the  year,  especially  near  the  shore,  a  small  proportion 
of  the  diatoms  captured  are  dead,  their  cell-contents  either  disorganised  or 
gone.  This  is  particularly  noticeable  in  such  large  forms  as  Goscinodiscus 
concinnus  and  Biddulphia  mohiliensis ;  but  it  occurs  frequently  in  other 
forms  such  as  Ghcetoceros  decipiens,  and,  above  aU,  in  Skdetonema  costatum. 
1  believe  this  phenomenon,  which  at  first  puzzled  me  greatly,  to  be  due 
to  the  decline  or  loss  of  salinity  of  the  water.  My  reasons  for  this  belief 
are  these  :  Such  diatoms  are  mostly  found  at  or  near  the  surface  and  in 
the  vicinity  of  land  where  a  considerable  mixture  of  fresh  with  salt  water 
occurs.  This  may  be  seen  in  any  of  our  western  sea  lochs,  especially  after 
rains,  where  a  sheet  of  practically  fresh  water  lies  on  the  top  very  slowly 
mixing  with  the  salt  water.  It  is  well  known  that  seaweeds,  in  general, 
are  extremely  sensitive  to  variations  in  the  degree  of  salinity.  My  belief 
is  strengthened  by  the  following  observation  :  In  April,  on  ascending 
Loch  Fyne,  the  nearer  we  came  to  the  top  the  larger  the  quantity  of  dead 
diatoms  were  found.  This  was  particularly  noticeable  in  Skeletonema^ 
which  almost  monopolised  the  surface ;  and  on  tow-netting  in  the  waters 
between  Inveraray  and  Cairndhu  at  the  head  of  the  loch,  where  there  was 
a  thick  sheet  of  fresh  water  on  the  surface,  owing  to  recent  heavy  rains,  it 
was  impossible  to  find  a  living  cell  in  the  vast  mass  of  Skeletonema,  This 
observation  was  confirmed  in  Loch  Etive  in  summer.  This  loch  was  full 
of  Skdetonema^  some  at  the  surface,  but  most  in  from  3  to  5  fathoms. 
A  large  quantity  of  fresh  water  was  entering  the  loch,  and  the  diatoms  at 
the  surface  were  in  large  proportion  dead,  while  those  in  the  lower  layers 
were  living.  The  observation  is  the  more  noteworthy,  as  I  am  led  by 
other  reasons  to  think  this  diatom  mostly  abounds  in  waters  of  a  fairly 
low  degree  of  salinity,  and  I  have  elsewhere  taken  the  low  degree  of 
salinity  of  this  loch  in  August  as  possibly  accounting  for  the  presence  of 
Skeletonema  in  it  at  that  season.  However,  this  last  idea  is  a  purely 
speculative  one,  and  does  not  in  any  way  affect  my  general  contention  that 
^e  great  numbers  of  dead  diatoms  in  the  sea  are  to  be  accounted  for  by 
the  iBkddition  of  fresh  waters. 

Diatoms  as  Food  of  Marine  Animals. — When  we  reflect  that  the 
whole  bulk  of  animal  life  in  the  ocean  must  be  dependent  on  the 
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yogetatiou  of  the  ocean,  it  y^iM  be  at  once  apparent  that  the  small  fringe 
of  visible  vegetation  on  the  shallow  bottoms  round  coasts  cannot  in  the 
least  degree  suffice  for  the  sustenance  of  the  teeming  animal  life,  which 
not  only  extends  over  the  surface,  but  ranges  into  the  depths.  This 
r61e  must  be  played  almost  entirely  by  the  minute  plant  organisms,  diatoms, 
ProtococcaceoB^  OscillatorieoBy  Peridiniece,  Coccospheres,  Rhabdospheres, 
etc.,  which  inhabit  the  surface  layers  down  to  30  to  50  fathoms.  Such 
organisms  have  been  recorded  from  polar,  temperate,  and  equatorial  seas, 
sometimes  in  vast  shoals,  discolouring  the  water,  but  always  found  to  be 
present  when  suitable  apparatus  is  used  for  their  capture.  Their  economic 
importance  to  the  fisheries  is  therefore  of  a  direct  and  vital  character. 
We  know  that  the  stomachs  of  Holothurise,  Ascidians,  Salpae;  oysters, 
scallops,  whelks,  and  other  molluscs;  crabs,  lobsters,  and  other  large 
Crustacea,  and  even  full  grown  fishes,  have  formed  the  happy  hunting 
grounds  of  diatomists  in  search  of  material;  but  direct  evidence  has 
been  wanting  of  the  use  of  diatoms  as  a  matter  of  daily  food  by  animals 
in  the  sea.  Observing  that  the  excreta  of  copepoda  and  other  small 
Crustacea,  largely  fed  upon  by  fishes,  were  in  many  cases  tinged 
with  a  faint  colour  like  diatoniine,  I  subjected  them  in  many 
cases  to  a  minute  microscopic  analysis,  with  the  result  that  nearly  the 
whole  could  be  resolved  into  minute  fragments  of  diatom  frustules  and 
their  chromatophores.  In  many  cases,  it  was  surprising  to  note  that 
the  chromatophores  had  passed  through,  almost  unchanged  in  shape, 
and  even  retaining  fauitly  their  colour.  It  was,  in  fact,  often  possible, 
from  the  characteristic  shapes  of  the  chromatophores,  and  the  minute 
finely  sculptured  fragments  of  frustules,  to  recognise  them  as  belonging  to 
diatoms  found  in  the  same  capture.  In  a  few  cases  it  was  possible  to 
detect  a  whole  unbroken  diatom  cell  within  the  crustacean,  but  almost 
invariably  the  diatoms  were  reduced  to  fine  fragments.  Cosdnodiscua 
and  Skeletonema  were  the  usual  forms  found,  and  these  were  the  preva- 
lent forms  in  the  sea  when  my  observations  were  being  made. 

It  appears,  then,  to  be  clear  that  the  animals  which  are  themselves  an 
important  constituent  of  the  food  of  fishes  live  in  turn  largely  on  diatoms. 
It  has  always  seemed  to  me  very  highly  probable  that  young  fishes  eat 
diatoms  directly ;  and,  in  order  to  put  this  to  the  test,  Dr  Wemyss  Fulton  ■ 
sent  me  some  young  sand-eek,  taken  in  tow-net,  15  miles  off  Aberdeen, 
on  16th  May  1894;  some  young  flat-fish  (?  plaice),  taken  off  Montrose, 
21st  May  1894;  and  some  very  small  clupeoid  fishes,  taken  30th  March 
1889.  They  were  preserved  in  spirit.  After  burning  a  few  of  each  in 
platinum  crucibles,  the  ash  was  examined,  and  diatoms  discovered  in 
every  case.  Four  different  genera,  viz.,  Skeletonema,  Eucampia,  MeLosira, 
and  Chcetoceros,  were  found  in  the  sand-eels ;  Skeletonema  and  Nitzselda 
in  the  flat-fish  (in  both  cases  Skeletonema  was  predominant) ;  and  Coscmo- 
discus  (abundant)  and  Melosira  (very  rare)  in  the  young  clupeoids.  In 
each  case,  complete  valves  (in  Skdetonemay  chains  of  several  cells)  were 
found,  which  appears  to  indicate  that  they  were  eaten  directly  by  the  fish 
themselves,  and  not  within  the  bodies  of  small  Crustacea ;  in  this  latter 
case,  they  would  have  been  broken  up  into  minute  fragments.* 

*  The  late  Mr  R.  Brown  in  a  paper  **  On  the  Nature  of  the  Discoloration  of  the 
Arctic  Seas'*  (rran«.  Bot.  Soc,  JSdin,,  vol.  ix.  p.  244,  1868),  was  the  first,  so  far  as 
I  know,  to  point  out  that  this  discoloration  is  due  the  presence  of  large  masses  of 
diatoms.  He  found  these  diatoms  within  the  Pteropoda,  Medusae  and  Entomostraca 
that  compose  the  **  whale's  food." 

With  reference  to  the  association  of  diatoms  with  the  food  of  fishes.  Prof. 
M*Intoeh  refers  me  to  the  Seventh  Annual  Report  of  the  Board,  in  which  he 
anticipates  my  observations.  At  p.  272  (Part  III.)  he  notes  the  occurrence  of 
Appendicolarians  with  Ithizosolenia,   He  says,  *  *  The  stomachs  of  these  were  distended 
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During  summer,  I  made  a  long  series  of  attempts  to  discover  whether 
the  species  of  Ceratium,  then  so  abundant  in  the  sea,  furnished  a  con- 
stituent of  the  food  of  small  Crustacea,  but  without  result.  In  the  first 
place,  Geratium  could  hardly  be  traced  so  easily  as  diatoms,  and  the 
matter  is  one  of  difficulty.  Direct  observations  also  yielded  no  result. 
I  made  an  estimate  of  the  relative  abundance  of  diatoms,  of  species  of 
Ceroitiumy  and  of  animal  life  in  all  the  captures,  and  I  found  a  certain 
constancy  in  the  proportions  in  the  great  majority  of  cases.  When  there 
were  plenty  of  diatoms,  there  were  always  plenty  of  Crustacea;  when 
Geratium  predominated,  and  diatoms  were  scarce,  there  was  little  animal 
life.  (In  Loch  Fyne,  in  July,  I  made  two  almost  pure  captures  of 
GeraMum  Tripos — merely  one  or  two  diatoms  and  copepoda  mixed  with 
it.)  These  facts,  however,  are  merely  suggestive.  There  is  one  more 
suggestion  I  should  like  to  make.  The  spines  of  Geratium  may  be  a 
protection  against  being  eaten.  I  could  not  fail  to  remark  that  there 
were  no  traces  of  spiny  diatoms,  such  as  the  species  of  GhoBtoceros,  having 
been  eaten  by  small  Crustacea,  though  they  were  abundant  in  the  sea. 
Against  these  negative  observations,  however,  may  be  placed  the  fact  that 
I  found  Ghcstoceros  in  the  young  sand-eels.  Though  one  can  suggest 
other  ilses  for  the  spines  and  sharp  projections  of  diatoms,  especially  the 
hollow  spines  of  GhcetoceroSy  it  may  yet  be  that  they  are  a  defence  against 
Crustacea,  etc.,  as  well,  and  this  may  be  equally  true  of  Geratium,  At  all 
events,  I  failed  to  find  evidence  of  Geratium  being  eaten,  though  it  was 
diligently  sought  for ;  and  repeated  observations  and  estimates  appeared 
to  point  to  there  being  a  balance  between  the  quantities  of  diatoms  and 
animals,  irrespective  of  Geratium, 

Rbproduction  op  Diatoms. — In  the  ordinary  process  of  reproduction, 
a  diatom  cell  divides  into  two  cells,  which  resemble  the  parent ;  and,  in 
most  cases,  the  successive  generations  remain  attached  to  each  other  in 
chains  of  individuals.  Since  the  division  takes  place  at  the  girdle  where 
one  half  of  the  wall  overlaps  the  other,  and  each  succeeding  generation  is 
similarly  overlaped,  and  since  (unless,  perhaps,  in  a  free  state)  there  is  no 
subsequent  superficial  growth,  each  succeeding  generation  is  diminished 
in  size  by  the  thickness  of  the  girdle  membrane.  When  a  minimum  size 
is  reacheii,  diatoms  become  re-established  at  the  maximum  by  the  form- 
ation (in  various  ways)  of  auxospores.  Mr  Comber  has  called  attention 
(Jour,  Boy,  Micr,  Soc,  October  1896)  to  the  formation  in  certain  diatoms 
of  'Endocysts'  resulting  in  the  production  of  a  dimorphic  form,  and  Prof. 
Cleve  has  recorded  the  presence  of  a  specimen  of  Biddulphia  aurita 
within  another, — the  internal  one  being  considerably  smaller,  and  having 
no  spines  {Biliang  tUl  K,  Svenska  Vet.  Akad,  BaTidlingar,  Bd  I.,  No.  13). 
Besides  these  modes  of  reproduction,  nothing  was  certainly  known  of  any 
mode  of  multiplication  until  the  observations  I  was  enabled  to  make  in 
spring  and  summer  on  board  the  *  Garland.'  The  minute  botanical  details 
and  considerations  have  been  discussed  at  length  in  a  paper  published, 
by  permission  of  the  Board,  in  the  Proceedings  of  the  Royal  Society  of 
Edi/nburgh  (vol.  xxL  p.  207.  plates  i.~iii.). 

It  was  discovered  in  Biddidphia  mobiliensis  that  the  cell-contents  con- 
tract and  round  themselves  off,  this  more  or  less  spherical  body  proceeding 
to  secrete  a  membrane  of  approximately  the  same  shape  as  the  parent,  but 
without  the  characteristic  external  spines,  etc.  This  body  is  apparently 
of  the  same  character  as  that   recorded  by  Prof.  Cleve  in  B,  aurita 

by  chlorophyll  granules,  the  same  appearing  in  the  foecal  pellets,  both  in  the  intes- 
tine and  when  disoharged."  I  regret  that  his  observation  was  unknown  to  me,  and 
that  I  therefore  did  not  cite  it  in  my  paper  in  Proc.  Roy.  Soc. ,  £din.  The  main  point, 
however,  is  the  full  and  complete  establishment  of  the  truth ;  and,  since  my  observations 
were  made  in  entire  ignorance  of  his,  this  confirmation  is  all  the  more  satisfactory]. 
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(of  which  I  was  ignorant  at  the  time).  Daring  summer,  I  found  these 
internal  bodies  free  in  the  water  in  large  numbers,  and  in  a  state  of  active 
division,  none  of  them  having  developed  the  characteristic  external  spines 
of  the  parent  form.  The  parent  form  was  almost  wholly  absent.  In 
December,  again,  the  parent  form  (with  spines)  was  abundant,  but  none  of 
the  summer  forms.  Presumably  these  had  grown  into  mature  Biddulphia 
mobiliensisy  either  directly,  as  is  most  likely,  or  after  some  other  develop- 
ment. The  production  of  this  internal  form,  so  far  as  I  have  seen,  in 
Biddulphia,  is  always  a  case  of  rejuvenescence  of  the  cell,  the  whole  of 
the  cell-contents  of  the  parent  being  used  up  in  the  formation  of  one  new 
cell,  which,  when  free,  increases  its  kind  by  division.  I  have  observed 
similar  rounding  off  in  the  cell-contents  of  IHtylum  Brightwdliiy  and  very 
probably  it  goes  through  a  similar  life-history. 

In  Gosdnodiectts  concinnus,  I  have  also  found  a  young  form  within  the 
pareat,  this  time  exactly  resembling  it  in  all  essential  characters.  In  this 
genus  also,  therefore,  we  have  the  production  of  a  new  individual  by  the 
rejuvenescence  of  the  cell.  That  this  often  happens  in  spring  I  had 
abundant  evidence ;  but,  what  is  more  interesting,  I  have  found  in  this 
species  two  diatoms  within  the  parent,  showing  that  the  protoplasm  must 
have  divided  to  form  them.  In  Loch  Fyne  I  found  other  specfmens  of 
0.  conGirmus,  of  which  the  protoplasm  had  divided  into  four,  eight,  and 
sixteen  rounded-off  portions  (produced  to  judge  by  their  positions,  etc.,  by 
successive  divisions  into  two) ;  and  free  in  the  water  at  the  same  time, 
packets  of  eight  and  of  sixteen  young  Goscinodiscua  concinnus,  of  the  same 
size  as  the  rounded  portions  of  protoplasm.  The  conclusion  was  inevi- 
table that  the  packets  of  eight  and  of  sixteen  were  produced  from  the 
rounded-off  portions,  having  regard  to  the  occurrence  of  single  forms  and 
pairs  as  described  above.  The  membranes  of  the  young  individuals  were 
either  not  silicified,  or  were  imperfectly  silicified,  as  proved  by  burning ; 
and  they  were  therefore  capable  of  growth,  and  of  attaining  the  full 
dimensions  of  Goscinodiscua  concinnus,  without  the  intervention  of  aaxo- 
spores. 

Both  in  spring  and  summer,  I  observed  in  several  species  of  Ghcetoceros 
a  series  of  divisions  of  the  cell-contents,  obviously  similar  to  the  divisions 
in  Goscinodiscua,  and  doubtless  preliminary  to  the  formation  of  repro- 
ductive bodies.  In  (7.  borealis  this  sub-division  of  the  contents  is  carried  to 
foiur,  eight,  and  sixteen  ;  in  0.  curvisetus  to  four  and  eight ;  and  in  G.  con- 
strictus  to  four.  Instances  of  higher  numbers  in  the  latter  two  species  may 
and  probably  do  occur,  but  they  have  escaped  me.  I  have  witnessed  the 
actual  processes  of  division  up  to  four  ;  but  the  farther  sub-divisions  into 
eight  and  into  sixteen  are  known  to  me  only  from  finding  instances  of 
them  as  accomplished  facts.  What  the  fate  of  these  bodies  may  be  I  do 
not  yet  know,  but  I  hazard  the  view  that  they  resemble  the  corresponding 
bodies  in  Goacinodiscua  in  their  life-history. 

Having  obtained  a  supply  of  sea-water,  I  am  endeavouring  to  cultivate 
these  organisms  during  the  winter  in  two  large  tanks,  and,  If  possible,  to 
secure  a  continuous  series  of  observations.  There  are  enormous  difficulties 
in  cultivating  such  organisms  in  London,  but  so  far  I  have  a  prospect  of 
success. 

There  are  numerous  questions  of  both  scientific  and  economic  import- 
ance to  be  settled  in  connection  with  the  study  of  marine  vegetation. 
That  little  is  known  may  be  inferred  from  the  fact  that  it  was  possible  to 
make  so  many  novel  observations  within  so  short  a  time.  I  would  venture 
to  recommend  to  the  Board  that  a  survey  of  the  conditions  be  made 
farther  out  at  sea,  that  we  may  know  how  far  these  banks  of  diatoms, 
Peridinieae,  etc.,  extend  seawards,  especially  in  the  early  months  of  the 
year  and  in  summer,  or  how  far  they  may  be  coastal  in  their  occurrence. 
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VI.— A  REVIEW  OF  THE  WORK  OF  THE  *  GARLAND'  IN 
CONNECTION  WITH  THE  PELAGIC  EGGS  OF  THK 
FOOD  FISHES,  1890-1896.  By  Arthur  T.  Mastbrman,  B.A. 
(Cant.),  B.Sc.  (Lond.),  Lecturer  and  Assistant-Professor  of  Natural 
History  in  the  University  of  St  Andrews. 

The  method  which  has  been  pursued  by  the  *  Garland '  has  been  uniform 
since  the  outset.  The  various  districts  have  been  visited  and  divided  up 
into  stations.  Samples  of  eggs  have  been  taken  by  the  tow-nets  from 
each  of  these  at  different  times^  and  thej  have  been  preserved  and 
examined  later.  The  aim  of  the  work  has  been  to  increase  our  knowledge 
concerning  the  pelagic  ^gs.     This  falls  under  three  heads,  namely : — 

1.  The  Determination  of  the  Spavming  Areas  of  each  Species  of  Fish, 

2.  Tlie  Determination  of  the  Spaioniny  Season  of  each  Species, 

3.  The  Determination  of  the  Direction  taken  by,  and  subsequent  Fate  of 

the  Eggs  after  Spawning, 

For  the  two  former,  the  undeveloped  eggs  alone  come  into  the  question, 
and  all  the  eggs  which  have  been  found  and  labelled  in  the  lists,  without 
adding  the  stage  of  development  at  which  they  were  caught,  bring  into 
the  question  elements  of  great  difficulty.  The  only  absolutely  accurate 
method  would  be  the  immediate  examination,  when  caught,  of  the  eggs, 
and  only  those  recorded  which  have  evidence  of  being  fr^hly-spawned 
It  is  evident  that  if  the  accurate  determination  of  the  three  points  above- 
noted  were  deemed  absolutely  essential,  the  eggs  should  be  examined  and 
identified  immediately  after  capture,  upon  the  spot. 

1.  Hie  Determination  of  the  Spawning  Areas  of  eacHi  Species  of  Fish, 
— For  the  determination  of  this  point  the  study  of  the  pelagic  eggs  alone 
can  be  of  little  use,  for  an  egg  which  is  still  at  an  early  stage  of  develop- 
ment may  yet  have  been  carried  a  great  distance  from  the  spot  at  which 
it  was  spawned.  Up  to  a  certain  point,  however,  we  may  employ  the 
data  for  this  purpose.  It  may,  I  think,  be  assumed  that  after  an  egg  is 
laid  its  normal  course  is  inshore,  so  that  when  the  eggs  of  a  species  are 
reported  to  occur  at  a  certain  district  we  may  suppose  that  they  were 
either  spawned  at  that  spot  or  further  seaward.  The  effect  of  the  drift 
may  be  assumed  to  be  the  same  on  all  the  eggs,  so  that,  if,  for  example,  we 
proceed  down  the  Firth  of  Forth  seaward  beyond  the  Isle  of  May,  and 
first  pass  through  areas  in  which  occur  eggs  of  sprat,  whiting,  cod,  and 
plaice,  with  a  maximum  number  of  sprats'  eggs,  and  that  as  we  proceed 
aeawards  the  sprats'  eggs  diminish,  and  the  eggs  of  the  whiting  attain  a 
maximum  in  numbers,  followed  respectively  at  further  distances  by  those 
of  the  cod  and  plaice,  the  legitimate  conclusion  is  that  the  maxima  occur 
in  the  same  order  seawards  as  are  the  respective  spawning-areas.  This 
becomes  practically  a  certainty,  if  the  maximum  numbers  are  at  an  earlier 
stage  of  development.  The  results  thus  attained  may  be  checked  by  those 
obtained  by  the  capture  of  spawning  adults.  In  areas  where  eggs 
al  an  early  stage  occur  in  profusion,  and  the  spawning  adults  are  also 
caught,  we  can  pronounce  with  certainty  as  to  their  being  the  normal 
spawning-gronnds  of  the  species  under  consideration.  In  those,  on  the 
other  haod,  such  as  the  inner  waters  of  St  Andrews  Bay,  with  regard  to 
plaice,  where  eggs  occur  but  the  spawning  adults  are  not  caught^  the 
balance  of  evidence  must  be  in  favour  of  the  assumption  that  the  eggs 
have  drifted  inshore  from  other  parts. 
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Id  a  general  comparison  of*  the  spawning  areas  negative  results  may  be 
said  to  be  of  value ;  thus,  if,  e.^.,  in  the  area  of  the  Moray  Firth,  the  eggs 
of  a  certain  species  are  not  found  to  occur,  the  inference  is  that  the  species 
does  not  spawn  in  that  district ;  for  the  reasons  above  cited,  this  inference 
must  be  applied  very  cautiously  in  the  comparison  of  stations  in  one  area, 
because  the  distance  between  the  stations  falls  within  the  limits  of  the 
*  pelagic  drift '  of  the  young  forms. 

Thus  we  can  first  go  over  the  data  with  respect  to  the  four  areas — ^Firth 
of  Forth,  St  Andrews  Bay,  Moray  Firth,  and  the  Clyde  district — and 
thereby  institute  (1)  a  comparison,  firstly,  between  the  stations  within  each 
area ;  and  (2)  a  comparison  between  each  area. 

2.  The  Determination  of  the  Spanming  Season  of  each  Species, — The  sea- 
son of  spawning  may  be  fairly  accurately  determined  by  the  occurrence  of 
eggs  over  a  certain  period,  for,  although  in  this  case  the  strictly  accurate 
spawning-period  is  that  represented  by  the  occurrence  of  freshly-spawned 
egg^i  ye^  ^be  eggs  found  at  the  latter  end  of  the  season,  and  tending  to 
lengthen  the  apparent  spawning-period  by  the  time  taken  in  reaching  such 
an  advanced  stage,  develop  rapidly  at  this  season,  and  can  only  add  to  the 
spawning-period  an  error  of  a  few  days,  more  or  less. 

The  results  obtained  by  study  of  the  pelagic  eggs  can  in  this  case  also 
be  checked  by  means  of  direct  experiment.  Thus,  the  occurrence  of 
spawning-adults  may  be  noted  and  compared  with  that  of  the  ^gs,  in 
the  same  manner  as  in  the  case  of  the  determination  of  the  spawning- 
areas. 

In  this  section  the  questions  to  be  determined  are  free  from  the  dis- 
turbing elements  of  dnft-currents  which  enter  so  largely  into  the  first 
section,  for  we  have  no  reason  to  believe  that  drifting  eggs  develop  more 
rapidly  than  those  floating  more  or  less  slowly,  except  in  so  far  as  a 
change  to  water  of  a  different  temperature  would  alter  the  rate  of  develop- 
ment, and  this  would  only  have  the  effect  of  shortening  or  lengthening  by 
a  very  little  the  error  of  a  few  days  at  the  end  of  the  season  mentioned 
above. 

Under  this  section  we  can  first  determine  the  spawning-season  of  each 
species  in  each  of  the  three  areas  under  consideration,  and  compare  the 
three  results ;  and,  secondly,  we  can  compound  the  results,  and  thereby 
obtain  a  general  spawning-season  for  the  whole  coast  for  each  species. 

In  the  third  section  there  is  *  the  Determination  of  the  Direction  talcen  by, 
and  subsequent  Fat^  of,  tfie  Eggs  after  Spavming.^ — In  the  former  two 
sections  there  are  more  or  less  statical  determinations,  the  place  of  depo- 
sition and  the  time  of  deposition,  without  reference  to  the  further  develop- 
ment, but  under  this  section  we  have  to  consider  the  dynamic  con- 
ditions in  place  and  time  of  the  eggs  and  embryos.  The  former  of 
these,  the  rate  at  which,  and  direction  in  which,  the  eggs  travel  is  deter- 
mined by  the  rate  and  direction  of  the  surface  drift ;  and  the  latter,  by 
the  bulk  of  the  egg  (as  a  constant  for  each  species),  and  by  the  surface- 
temperature. 

The  solution  of  the  problems  here  under  discussion  requires  a  complete 
knowledge  of  a  number  of  factors  which  we  have  scarcely  commenced  to 
investigate. 

The  drift-bottle  experiments  of  Dr  Fulton  may,  if  carefully  i>ersevered 
in,  eventually  give  us  a  very  good  idea  of  the  direction  of  the  pelagic 
drift-currents,  but  they  do  not  always  admit  of  sufficient  accuracy  to 
give  us  definite  knowledge  regarding  the  rate  of  drift,  mainly  because  we 
cannot  always  be  sure  of  the  bottles  being  returned  as  soon  as  drifted 
ashore. 

In  certain  cases,  the  study  of  pelagic  eggs  may  give  us  the  rate  and 
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the  direction  of  their  'drift,'  for,  with  a  sofficient  number  of  experi- 
ments, one  can  follow  the  course  of  a  certain  mass  of  eggs,  capturing 
them  at  different  stages  at  different  stations,  but  this  would  scarcely  be 
worth  the  trouble  in  its  execution ;  for  the  determination  of  the  rate  of 
drift  is  not  of  prime  importance,  aud  may  be  inferred  upon  a  knowledge  of 
the  other  factors. 

There  are  now  to  hand  a  very  complete  series  of  temperature-observa- 
tions taken  in  the  different  areas  around  our  coasts,  aud  these  should  be 
available  for  determlQing  the  time  taken  by  the  egg  to  develop. 

An  amplification  of  Dannevig's  experiments  would  furnish  us  vrith  the 
time  of  development  of  our  common  eggs  under  varying  degrees  of  tem- 
perature, so  that  by  experimeutal  evidence  we  may  be  able  to  pronounce 
exactly  how  long  an  egg  of  a  given  species  will  take  to  develop  when 
spawned  in  a  certain  area;  in  other  words,  we  have  the  time  of  the  *  pelagic 
period '  as  determined  by  developmental  processes,  as  controlled  by  the 
temperature,  and,  as  we  have  by  the  drift-bottles  a  possible  means  of 
determining  the  direction  of  drift,  eventually  inshore,  we  can,  if  desired, 
deduce  the  rate. 

For  all  practical  purposes  we  need  only  require  to  determine  (1)  the 
direction  of  drift  after  spawning;  (2)  the  time  taken  in  development. 
Although,  in  special  cases,  these  might  be  determined  by  a  study  of 
pelagic  eggs,  aud  their  distribution  and  their  bearing  on  the  consideration 
of  the  two  preceding  sections  must  be  borne  in  mind,  yet  they  are  both 
more  readily  made  out  by  the  experimental  processes  as  instanced  above. 

TABLE    I.— EGGS   OF   COD. 
The  Cod  (Oadus  morrhua). 
Firth  of  Forth. 


Feb.  19,  1891. 

>i  19,     ,, 

„  21,  1893. 

Mar.  16,  1892. 

f>  1^>     »» 

„  19,  1891. 

„  19,  1896. 

»i  1®»     »» 

„  29,  1894. 

„  30,  1891. 
April  3,  1893. 

»i  ^»     »» 

i»  *i     »» 

„  6,  1896. 

„  5,  1892. 

If  w>        »l 

„  8,  1891. 

„  8,  1892. 

•»  9,  „ 

„  10,  1891. 

„  11,1892. 

„  18,  1891. 

»»  1»»     »» 

„  16,  1892. 

„  16,  1894. 

II  1^1        M 

i»  *'i     II 

i>  l»i     If 

II  18,     ,, 

„  19,  1898. 

.1  19.     11 

„  19,  1892. 

„  20,  1893. 

„  21,  1892. 


Stotion  VIII., 

If  IX.,  .  . 
K  of  Muy  Island,  . 
Statiou  VIII., 

„      IX.,  . 

„  v.,  .  . 
„  VIL,  . 
„      VIII.  aud  IX., 

f.     v.,    .      . 

If      III    .    ,   . 

E.  of  May  Island,  . 

10  miles  S.  of  May  Island, 

9  miles  S.  of  May  Island, 

Prestonpans  to  mid-Forth, 

E.  of  May  Island, . 

Cro8s>8ection  1.,     . 

South  Bay,    . 

Fidra  to  Elie  Ness, 

luchkeith,     . 

E.  of  Portobello,    . 

Cross-section  III., 

Liaton  Bank, 

Station  VIII., 

"    }■••  •    • 

;:  in...   : 

„      VIII.  and  IX., 

If  '•!  • 

..      VI.,   .        . 

„    II..  .    . 

Cross-section  III.,  . 
Station  I.,      . 

.1    n.,  .      . 


Ova  of  cod. 

Numerous. 

2. 

46. 

60. 

Ova  of  ood. 

6. 

3. 

3. 

Ova  of  ood. 

40  (very  advanced). 

90  (cod  and  whiting). 

85.      . 

170. 

600  (cod  and  whiting). 

Some  cod  ova. 

Ova  of  cod. 

Considerable  number  of  cod. 

91. 

A  few  ova. 

87." 

Vast  number. 

II        If 
Many  (all  well>developed). 
12. 
4. 

940. 
101. 
13. 

Eggs  in  abundance. 
Ova  of  cod. 

Ova  of  cod  (nearly  hatching). 
86. 
Few  (advanced). 
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Table  I.— Eoob  of  God— ^on^inu^ 


April  28,  1895. 

Station  VI.,  . 

.     161. 

„    24,1890. 

'  it 

IX.,   .        . 

.    Considerable  number. 

„    26,  1892. 

tt 

IV.     .        . 

.     26. 

„    26.1898. 

Cross-section  L,      . 

.     270. 

„    26,1892. 

Station  I.,       . 

.     87  (nearly  hatched). 

i>    26,     ,, 

I) 

VI.,    .        . 

.     21. 

»»    28,     ,, 

>f 

III., 

.     Few. 

May    2.     .. 

tt 

VII., 

.     18. 

f»            ^»         »» 

tt 

^•fi..-   :   • 

.    6. 

,.      6,  1891. 

It 

.    Ova  of  cod. 

„      6,  1892. 

>} 

IX.,  .        .        , 

.     80. 

„      6,  1891. 

•1 

v.,    .       . 

.     Ova  of  cod. 

M            6t         »> 

tt 

VI 

tt 

»»            "»         »» 

tt 

VIIL, 

.    108. 

„    11,1892. 

)t 

I..       .        . 

.     98  (advanced). 

„    12,1891. 

12  miles  S.E.  May  Is1aii< 

i,      .     Ova  of  cod. 

„    14,  1892. 

Station  III.,  . 

.     44  (advanced). 

„    22,1891. 

Aberladv  Bay, 

.     Large  numbers. 

M    26,     „ 

Station  11.,    . 

.     Ova  of  cod. 

Cod. 

The  accompanying  table  gives  the  data  from  1890  to  1895  inclusive, 
which  have  been  reported  with  respect  to  the  occurrence  of  eggs  of  the 
cod  in  the  Firth  of  Forth  district.  The  ova  are  seen  to  have  been  foun(i 
from  February  19th  to  May  26th  inclusive,  a  period  of  about  three 
months  and  a  half ;  both  the  limiting  dates  belong  to  the  same  year, 
1891. 

Fulton*  gives  the  spawning  period  of  the  cod  on  the  East  Coast  as 
extending  from  the  end  of  January  to  the  first  week  of  June,  a  period 
which  overlaps  that  of  the  actual  occurrence  of  eggs  in  the  Firth  of  Forth 
by  about  three  weeks  at  each  end.  There  is  evidence,  however,  to  be 
shown  below,  from  the  pelagic  eggs,  that  in  other  parts  of  the  East  Coast 
cod  spawn  considerably  later. 

In  the  latter  end  of  February  the  eggs  are  found  in  considerable 
numbers,  and  then  during  the  month  of  March  they  appear  to  fall  off. 
The  greatest  number  recorded  in  one  haul  during  March  is  50,  and  such 
numbers  as  6,  3,  3,  etc.,  testify  to  the  sparsity  prevailing  all  over  the 
Forth-area. 

It  is  interesting  to  compare  this  with  this  table  quoted  from  p.  234  of 
10th  Scottish  Fishery  Board  Report : — 


Nambers  Examined  and  Percentage  of  Ripe  Specimens  (Cod). 

January  . 

158 

00 

.  February 

418 

0-3 

March      . 

192 

00 

April 

86 

1-7 

May        . 

99 

00 

June 

86 

00 

The  percentage  of  ripe  specimens  in  March  is  seen  to  be  niZ,  though  a 
certain  percentage  is  found  both  in  February  and  April.  This  table  is 
compiled  from  the  work  of  the  '  Garland,'  which  was  conducted  more  or 
less  inshore,  including,  no  doubt,  the  area  now  under  consideration. 

The  absence  of  spawning  cod  during  March  in  this  table,  agreeing  with 

the  very  few  eggs  found  during  this  month,  seems  to  point  to  the  fact  that 

the  cod  which  spawn  the  ova  found  in  the  Firth  of  Forth  do  so  more  or 

less  in  two  intermittent  periods,  separated  by  the  month  of  March,  a 

*  10th  Scottish  Fishery  Board  Report,  p.  248. 
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smaller  period  in  the  latter  part  of  February,  and  a  larger  spawning  period 
during  April  and  May ;  but  the  demonstaration  of  such  an  exceptional 
method  of  spawning  would  require  more  corroborative  evidence,  and  the 
facts  here  recorded  are  probably  due  to  other  causes.  "With  repjard  to  the 
various  stations  of  the  Firth  of  Forth,  the  statistics  of  spawning  adults 
show  conclusively  that  cod  do  not  spawn  in  the  territorial  waters.  The 
eggs  found  in  Stations  I.- VII.  have,  in  all  probability,  not  been  spawned 
in  situy  but  have  been  drifted  in  from  more  seaward  areas. 

This  is  corroborated  by  an  inspection  of  the  list  of  eggs.  It  is  seen 
that  all  the  eggs  occurring  in  February  are  reported  as  being  found  in  the 
seaward  Stations  YIII.  and  IX.,  and  further  eastwards,  and  the  same 
applies  to  the  only  two  occurrences  of  eggs  in  any  numbers  in  the  whole 
month  of  March. 

As  the  middle  of  April  is  reached,  the  main  spawning-period  becomes 
evident,  but  again  the  great  masses  of  eggs  are  found  in  th6  Liston  Bank 
area  and  Stations  VIII.  and  IX. 

In  1891  the  main  mass  appears  to  have  been  found  in  the  second  week 
of  April  (13th,  14th),  whilst  in  1892  the  great  abundance  was  manifest 
in  the  first  week  (5th),  whilst  again  in  1894  they  appear  to  be  as  late  as 
the  third  week  (17th).  We  therefore  have  good  evidence  of  great 
numbers  of  cod-ova,  usually  at  early  stages,  occurring  fairly  regularly 
in  April  of  each  year,  over  the  areas  of  Station  VIIL,  Station  IX.,  and 
Liston  Bank.  Are  we  justified  in  supposing  that  it  is  the  eggs  spawned 
in  these  areas  which,  drifting  westwards,  supply  the  inner  stations  of  the 
Firth  of  Forth  with  the  eggs  and  larvae  found  there  later  1 

The  great  numbers  occurring  on  5th  April  1892  in  Station  VIJI. 
appear  to  have  reached  Station  V.  on  April  16th,  and  to  be  *  all  well- 
developed,*  and  by  the  19th  they  are  found  in  Cross-Section  III.  in  the 
hatching  condition.  In  1891,  the  spawning  appears  to  have  been  early, 
for  although  the  main  mass  of  eggs  did  not  occur  till  April  14th,  yet  a 
great  number  were  found  at  Stations  Vm.  and  IX.  as  early  as  February 
19tL  The  first  appearance  of  eggs  in  Station  V.  is  also  in  1891  (March 
19th),  and  the  same  applies  to  the  inner  stations  (March  30th,  1891). 

Thus  (1)  as  regards  the  spawning- areas  of  the  cod  in  the  Firth  of  Forth 
district  we  may  say,  as  far  as  can  be  supposed  from  the  evidence  to  hand, 
that  the  eggs  are  probably  spawned  in  the  areas  east  and  south-east  of  the 
Isle  of  May,  in  the  region  of  Station  VIII.  and  IX.,  and  are  not  laid 
within  the  Firth ;  (2)  as  regards  the  spawning-period  in  this  area,  the 
occurrence  of  eggs  dates  from  February  19th  to  May  25th,  and,  allowing 
for  the  fact  that  the  eggs  on  the  latter  date  are  advanced,  the  spawning- 
time  miay  be  said  to  extend  over  the  extreme  period  from  February  19^ 
to  about  May  10th,  or,  roughly,  from  the  third  week  of  February  to  the 
second  week  of  May ;  (3)  as  regards  the  direction  taken  by,  and  sub- 
sequent fate  of,  the  eggs  after  spawning,  we  can  conjecture,  with  a  fair 
degree  of  certainty,  that  of  the  eggs  laid  in  the  seaward  stations  some 
proportion  drift  within  the  Firth,  and  are  there  hatched. 

TABLE  IL— EGGS  OP  HADDOCK. 
FiBTH  OF  Forth, 
Feb. 


8,  1895. 

Station  VII., 

.   1. 

19,  1891. 
19,     ., 

,,          *A.,                  • 

.    Ejggs,  in  moderate  quantities. 
.    liomeroas  eggs. 

21,  1894. 

„      VIIL. 

.     80. 

21,     „ 

,,     *x.,  •      • 

.     1. 

(None  in  Inner  Stations). 
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Part  III, — Fifteenth  Animal  Report 


Table  I.~Eoob  of  CoT>—€(mtimud. 


Mar.    6,  1896. 

Station  VIII.,        . 

.     46. 

i>      ■>     t> 

Can-  to  Barbetness, 

.     18. 

„    15,1892. 

Station  VIII., 

.    464. 

it    16,     ,, 

II       IX.,  .         . 

.     6500. 

„    19,  1891. 

1.     v.,    .       . 

.     Eggs  of. 

„    19,  1896. 

1,      VII., 

.        .     311. 

„    1«.     „ 

„      VIII.  and  IX., 

.     147. 

M    20,     „ 

„     v.,    .       .     ' 

.     174. 

„    20,     „ 

II      VI.,  .        . 

.     82. 

„    29,1894. 

„      VI.,  .        . 

.     600. 

80,  1891. 

II       II.I    .        . 

.        .     Eggs  of. 

April   3,  1893. 

E.  of  May  Island,  . 

.         .     216. 

>»      *i     >> 

9  miles  £.  of  May  Island,       .     440  (mostly  advanced). 

»>      *»     II 

10  miles    „           „ 

.     700. 

„      5,  1896. 

Presionpans  to  miil-Forth,           60, 

„      6,  1892. 

8  to  12  miles  E.  of  May  Island.     10.000. 

»i      6,     „ 

Cross-section  I.,     . 

Large  collections,  most  numerous 
(very    advanced    and    ready  to 

II      ^»     II 

Cross-section  II..   . 

.    640. 

II      8i     II 

Elie  to  Fidi-a, 

Most  numerous,  all  stages. 

II       8,     ,, 

Inchkeith,      . 

.     28. 

„      8,  1891. 

South  Bay,     . 

.     Eggs  of. 

„    11,  1892. 

Cross-section  III., 

.     36  (some  hatching). 

„    13,1891. 

Liston  Bank, 

Many. 

II    18|     i» 

II         II      •        • 

Large  number. 

II    14,     „ 

Station  VIII.,        . 

.    Few. 

„    14,  1893. 

II      IX.,  .        . 

.     6  (well  advanced). 

„    16,1894. 

1.      I..     .        . 

.     32. 

II    16,     II 

.1      III..  .        . 

.     3. 

„    16,  1892. 

II     v.,    .       . 

.    Considerable  collection. 

„    17,  1894. 

„      VIII.  and  IX., 

.     6000. 

II    *■' t     II 

W.  of  Mav  Island, 
Station  III., 

.     180. 

„    17,1895. 

.     1. 

„    18,  1894. 

„       VI.,  .         .        . 

.     162. 

„    19,1898. 

II       ^■^•i    •        • 

.     Eggs  of.  ready  to  hatch. 

II        *^"l        II 

„      III.,  .        .        . 

.     Eggs  of,  mostiy  far  advanced. 
.     Few  ova,  chiefly  advanced. 

„    19,  1892. 

Cross-section  III., 

„    Id,     ,1 

II          II     •        •        • 

.    Nearly  hatching. 

II    ■'■*'»     II 

II          II    •        •        • 

•        II            II 

„    20,1893. 

Station  I.,     . 

.     16  (well  advanced). 

II    21,     „ 

..     v.,   .       .      . 

•     ■'■1     II         II 

„    21,  1892. 

,.      II..    .        . 

.     70  (nearly  ready  to  hatch). 

„    24,  1890. 

II        Ia.,    .          • 

.    Considerable  number. 

1,    26,1892, 

„    III., .    . 

.     16. 

,1    26,     „ 

„      IV.,  .       . 

.     42  (nearly  hatching). 

1,    26,     „ 

Croas-sevtion  I.,     . 

.     10  (well  advance4). 

„    26,  1892. 

Station  VI.,  . 

.     39  (nearly  ready  to  hatch). 

,1    26,     „ 

..      I-,      .        . 

.        .     76. 

,1    28,     ., 

„      III.. .        . 

.     A  few,  nearly  hatching. 

May    2,  1892. 

„      VII.,         . 

.    66. 

II      2,     „ 

V 

.     70. 

»      6,     ,, 

II       IX.,  .        . 

.     80. 

II      "i     II 

II      VIII.,        . 

.     6. 

II    11»     fi 

1.   I.,  .    .    , 

.     12  (almost  ready  to  hatch). 

11    26,     „ 

1.      IX..   .        . 

.     24. 

.1    26,     „ 

Liston  Bank. 

.     14. 

II    26,     „ 

W.  of  Liston  Bank, 

.     86. 

II    80,     „ 

Cross-section  I.,     . 

.     8. 

June    4,    „ 

E.  of  Inchkeith,    . 

.     3. 

II    13,     II 

Station  V.,    . 

.     1. 

/ 


(None  in  May  1896  in  any  Stations). 

Haddock. 

It  is  well-known  that  the  egg  of  the  haddock  is  closely  similar  to  that 
of  the  cod  both  in  stracture  and  size.     The  eggs  of  the  two  species  largely 
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overlap  in  size,  although  many  haddocks'  eggs  attain  a  size  unknown  to 
the  cod.  Thus,  it  is  not  surprising  that  Dannevig  found  the  effect  of 
temperature  on  both  species  to  be  practically  the  same.  This  being  so, 
we  should  expect  to  find  that  the  conditions  of  spawning  of  the  two  are 
closely  similar.  This  is  borne  out  by  the  facts,  at  least  in  the  Firth  of 
Forth  area.  We  find  that  the  extreme  occurrence  of  haddocks'  eggs 
extends  from  February  8th  fo  June  13th.  In  all  the  years  but  1892 
they  were  not  found  after  the  third  week  of  April.  The  earliest  occur- 
rence of  haddocks'  eggs  in  1892  was  March  15th,  or  five  weeks  later  than 
in  1895.  The  year  1892,  therefore,  appears  to  have  been  marked  by  a 
remarkedly  late  spawning-period  for  this  species. 

The  general  occurrence  is  closely  similar  to  that  of  the  cod.  With  a 
single  exception  (one  egg),  no  eggs  are  found  in  the  inner  or  middle 
stations  till  March  19th,  wliereas  abundance  were  found  in  Stations  VIII. 
and  IX.  Great  numbers  continue  to  occur  up  till  April  24th,  when  a 
sudden  cessation  ensues.  The  large  masses  can  be  distinctly  ti'aced 
through  Stations  V.,  VI.,  and  VII.  into  the  inner  part  of  the  Firth,  and 
here  they  are  still  found  at  the  hatching-stage  at  the  end  of  April,  in 
some  cases  into  May.  The  facts  clearly  point  to  the  same  conoljlision 
as  in  the  case  of  the  cod,  namely,  that  the  myriads  of  ova,  starting 
from  Stations  VIII.  and  IX.,  are,  in  great  numbers,  drifted  into  the 
Firth,  and  are  not  spawned  there. 

This  is  corroborated  by  the  study  of*  spawning  adults.  The  main 
difference  between  the  spawning  of  the  cod  and  that  of  the  haddock 
appears  to  be  that  the  haddock  seem  to  concentrate  in  certain  areas' to  a 
greater  extent.  The  number  of  haddock's  eggs  found  together  usually 
greatly  exceeds  that  of  the  cod's,  and  this  fact  may  be  compared  with  the 
statement  that  the  spawning  haddock  were  not  caught  more  than  30 
miles  from  land,  whilst  spawning  cod  were  found  at  170  miles  from 
shore.  The  more  vagrant  instinct  of  the  cod  may  perhaps  account  for 
the  necessity,  in  the  case  of  this  species,  of  a  far  higher  fecundity. 
Fulton  gives  the  spawning-period  of  the  haddock  on  the  East  Coast  as 
from  the  second  week  of  January  to  the  middle  of  May.  As*  in  the  case 
of  the  cod,  these  limits  extend  in  both  directions  beyond  those  of  the 
reported  occurrence  of  pelagic  ova  in  the  Firth  of  Forth  (with  the  excep- 
tion of  1892).  There  is  little  evidence  of  extensive  migrations  in  a 
settled  direction  by  the  young  haddock  or  young  cod,  though  the  migra- 
tion seawards  to  the  spawning-grounds,  on  th*e  attainment  of  maturity,  is 
undeniable. 

With  regard  to  the  direction  taken  by  the  eggs  and  their  subsequent 
fate,  the  same  remarks  apply  to  the  haddock  as  to  the  cod,  and  it  is  in 
like  manner  probable  that  the  Firth  of  Forth  is  dependent  upon  the 
prevalence  of  east  winds  for  its  supplies  of  floating  ova.  Hatching 
haddock's  eggs  can  be  found  all  over  the  Forth  district. 

TABLE  III. -'EGGS  OF  WHITING. 


Firth 

OF 

Forth. 

Feb.  22,  1894. 

SUtionV.,    . 

„    26,     „ 

VI., 

.*    2. 

Mar.  19,     „ 

VII.,        .        . 

.     4. 

»    19,     „ 

,} 

VIII.  and  XL, 

.     23. 

„    20,     „ 

ii 

v.,  . 

.     1. 

»    26,     „ 

a 

VL,          .        . 

.     2. 

n    29,     „ 

II 

v.,  .       .       . 

.     9. 

„    30,  1891. 

i» 

IL,  . 

.     Eggs  of. 

April   4,  1893. 

10  miles  E.  of  May  Island, 

.     90  (cod  and  whiting). 

„      5,  1892. 

8  to 

12  miles  E.'  of 

May    500  (cod  and  whiting] 

Island, 
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April  t, 

..  S. 

"  1?' 

::  is! 

,.  18. 

..  16, 

„  17, 

,.  17, 

..  17, 

.,  17, 

..  18, 

.,  »8, 

„  18, 

„  19, 

„  1». 

„  1», 

..  20, 

,.  81, 

.,  22, 

„.  «8, 
...8», 

..  S3, 

..  24, 

„  25, 

„  26, 

»t  8«, 
..26, 

„  28, 

May  2, 

..  % 

»»  ^ 

•  »  ^1 

"  !• 

,,  «2, 

„  M, 

»  )», 

„  28, 

,.  24, 

„  24, 

„  26, 

>.  29. 

"  ?l' 

„  27, 

„  2r, 

„  28, 

„  38. 

,.  28, 

„  28, 

„  «o, 

„  80. 

„  80, 

,.  31, 

.,  81, 

June  1, 


TABUi  IIJ.--Boa8  or  WBiriNO — eontmved. 


189S. 
,. 

1894. 

1894. 


1899. 

1895. 


189t(. 


1890. 
1892. 

1893. 
1808. 


1891. 

1^2. 
1695. 

Wl. 

it 
1893. 

>i 
1891. 

189g. 

>i 
1898. 
1891. 

1895. 
»» 

18^. 

1898. 
1892. 

1893. 


»      2,    ,, 
„      4,  1892. 

»»      *>     i> 

»»  13,    ,, 

„  19,  1893. 

i>  21,     „ 

,  »i  28,     ,, 

July  21,  1892. 

»»  22,     ,, 


OroM-seetfoii  L,  N.  aad  S., 
Croflt-iectiDn  XL, »        » 
luchkeith,    .        ,        . 
Cross-section  III., 
Llston  Bank, 
SUtion  III., 

••      *»»    •        ♦ 

Cross-section  IIJ., 
Station  VIII.  and  IX., 

„      IX.,. 

»i       *•»   • 

.,      VI.. . 

.,      VI... 

II  1X.|     • 

„     IK  . 
„    m., 

„      VII., 

..    I.,  . 

::  |f..- 

„     v..  . 

"  It 
„  m., 
>.    ".•»• 

CnMSHMCtlOB  I., 

Station  I.,    . 

..  vl, 
,.     jn.. 

..      VII.. 

„    v.,  . 

"      IV'  * 
„      VIII., 

♦»       *•»     • 

„    III., 

^berlady  B^y, 
Station!.,    . 
.,      vflL, 

;;    VI.V 

West  of  Liston  Bank, 
Cross-section  II., 
Station  I.,    . 

M  Vfl., 

,.      VIIL, 

„      IX., 
Oross-section  I. , 
Station  Y.,  . 
Croes-teotion  (., 

III., 
Station  II., . 
n      HI., 

„      IX., 

E.  of  Inchkeith, 


Station  II.,  . 
„      VI., 
„      III., 

;;  viti., 

n        v.,    . 


Whiting. 
12. 

41  (embryo  fairly  advanced). 

A  few  (embryo  advanced). 

Largo  number. 

8. 

15. 

9. 

1870. 

1. 

14. 

48. 

A  few  (advanced). 

1142. 

Eggs  of. 

Eggs  of. 

114  eggs  of. 

Eggs  of  (all  stages). 

A  few. 

2811. 

1400. 

2010. 

1500. 

Eggs  of. 

Whiting. 

A  few. 

600  (whiting  and  poor-cod). 

3. 

9  (far  advanced). 

Eggs  of  (advanced)*. 

21(poor-cod  and  whiting). 

36        „ 

Eggs  of. 

A  number. 

81  (poor-cod  and  whiting). 

210. 

26. 

Large  number. 

Ova  of. 

39  (Sprat  and  whiting). 

150        „ 

Laiigo  number. 

90. 

Abundance. 

86  (whiting  and  poor-cod,  i  to  J). 

Many. 

Considerable  number. 

18. 

10. 

9. 

26. 

9  (advanced). 

11  (sprat  and  whiting,  advanced), 

A  few,  nearly  hatched. 

48  (fairly  advanced). 

100  (sprat,  whiting,  and  poor-cod, 

fairly  advanced). 
16  (sprat  and  whitinff). 
130  (sprat,  poor-cod,  and  whiting, 

mean  of  several  hauls). 
120  (poor-cod  and  whiting  mean  o£ 

several  hauls  at  various  lengths). 
26  (poor-cod  and  whiting). 
9  (whitinff  and  sprat,  various  stages). 
200  (whiting  and  sprat,  advanced). 
200  (poor-cod,  sprat,  and  whiting), 
4. 
1. 
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Whiting. 

The  eggs  of  the  whiting  have  been  reported  (in  the  accompanying  list) 
from  February  22nd  to  July  22nd,  a  period  of  five  months. 

Dr  Fulton  gives  from  early  March  to  the  third  week  of  August  for  the 
whole  East  Coast,  so  that  there  is  a  considerable  discrepancy.  He  states 
that '  in  the  Forth  ....  all  were  immature  from  July  to  October.' 

His  examination  of  the  adults  agrees  in  its  conclusions  with  the  distri- 
bution of  pelagic  ova  in  a  remarkable  manner.  As  previously  stated, 
he  found  that  spawning  cod  and  haddock  were  only  found  outside  the 
territorial  waters,  but  that  spawning  whiting  occurred  even  as  far  up  the 
Firth  as  Stations  I.  and  II.  '  Whilst  the  great  majority  spawn  outside 
*  the  territorial  waters,  or  near  the  margin,  a  few  quite  ripe  specimeas,  both 
'  male  and  female,  are  found  within  the  limit,  and  even  pretty  far  up  the 
'  Firth  of  Forth.' 

An  inspection  of  the  accompanying  list  will  bear  this  out.  Thus,  of 
the  two  solitary  occurrences  of  eggs  in  February,  both  are  in  the  middle 
Stations  (V.  and  VI.).  Daring  March,  Vgain,  there  are  only  a  few  eggs 
of  whiting,  and  all  but  one  haul  came  from  the  inner  stations.  In  the 
third  week  of  April  great  numbers  of  whiting-eggs  are  found  at  Station 
II.  (18th),  Station  VII.  (22nd),  Station  IX.  (22nd),  and  Station  V. 
(23rd),  and  their  almost  simultaneous  occurrence  at  these  various  districts 
plainly  points  to  a  wide  spawning-area. 

Throughout  May,  the  eggs  of  the  poor-cod  commence  to  complicate 
matters,  and  also  those  of  the  sprat.  In  the  fresh  condition  there  is  no 
possible  confusion  between  the  eggs  of  this  latter  species  and  those  of 
the  whiting,  but  they  are  in  some  cases,  when  preserved,  quite  inseparable. 

Throughout  June  there  is  the  same  general  occurrence,  but  in  the  whole 
month  there  is  only  one  haul  (and  that  only  of  16  eggs)  in  an  outer  Station 
(IX.).  We  know  from  other  evidence  that  the  whiting  does  spawn  in  the 
later  months,  such  as  June,  so  that  the  absence  of  eggs  from  the  outer 
stations  shows,  firstly,  that  the  eggs  which  were  already  spawned  there 
have  drifted  in  to  the  inner  stations,  and  possibly,  in  part,  elsewhere ; 
and,  secondly,  that  the  whiting  spawn  in  the  inner  stations  later  in  the 
year  than  they  do  at  the  outer  stations. 

It  is  evident,  from  consideration  of  general  principles,  that  in  the  case 
of  the  eggs  of  one  species  (constant  size)  those  spawned  earlier  should  be 
spawned  further  off-shore ;  and  there  is  here  distinct  evidence  that  the 
whiting  spawn  (m  any  quantity)  first  in  early  April,  8  to  12  miles  east 
of  the  Isle  of  May,  and  by  the  third  week  in  AprU,  they  commence 
spawning  in  the  inner  stations  ;  and,  in  the  same  way,  spawning  is  first 
completed  in  the  outer  stations,  so  that  there  is  an  cdmost  complete 
absence  of  whiting's  eggs  after  the  second  week  of  May  in  this  area, 
whereas  they  occur  in  abundance  (with  poor-cod  and  sprat)  in  the  inner 
stations  throughout  June. 

It  is  thus  seen  that  the  whiting,  in  the  extra-territorial  waters,  spawn 
along  with  the  cod  and  haddock  in  the  outer  stations,  and  that  later  on 
they  spawn  in  the  inner  stations  in  company  with  poor-cod  and  sprat. 

The  eggs  of  the  whiting  spawned  in  the  former  district  will  be  sub- 
jected to  the  game  physical  conditions  as  the  accompanying  eggs  of  the 
haddock  and  cod,  and  will  probably  be  drifted  in  to  the  inner  stations. 
In  mid  April  the  incubation-period  of  the  cod  was  taken  as  14|  days,  and 
for  the  same  temperature  that  of  the  whiting  should  be  12 J  days,  an 
ample  period  for  the  eggs  to  arrive  well  within  the  Firth  before  hatching 
takes  place.  The  temperature  in  mid-June  varied  in  1893  from  lO'G"*  C. 
(Station  VIII.)  to  14-5"  C.  (Station  IV.),  with  a  mean  temperature  of  12'  C. 
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for  the  nine  stations.  At  this  temperature  the  whiting'a  period  of  incuba- 
tion is  6  J  days,  a  very  much  shortened  period,  which  would  probably 
necessitate  the  deposition  of  the  eggs  nearer  in-shore  than  before. 

We  thus  see  that  the  conditions  of  spawning  of  the  whiting,  and  pro- 
bably of  the  poor-cod,  may  be  largely  accounted  for  on  physical  grounds, 
though  we  cannot  speak  with  certainty  as  to  which  particular  feature 
*  causes '  the  others.  We  may  start  with  the  small  size  of  the  egg,  which 
causes  a  shorter  period  of  incubation,  and  so  suppose  that  this  has  enabled 
the  whiting  to  lay  its  eggs  further  inshore,  and  thus  to  escape  the  dangers 
of  the  outer  stations ;  and  this,  again,  enables  the  whiting  to  reproduce 
itself  with  a  lower  fecandity  than  the  cod.  In  a  similar  manner  we  may 
argue  the  same  sequence  from  the  fact  that  the  whiting  breeds  later  in  the 
year  than  the  cod  or  haddock,  and  the  small  size  of  the  eggs  is  an  adapta- 
tion to  still  further  assist  in  the  approach  shorewards. 

We  simply  have  a  number  of  organic  factors — such  as  fecundity,  size  of 
eggs,  time  of  spawning,  duration  of  spawning  period,  etc. — which,  on  the 
))rinciples  of  variation,  must  b^  held  to  have  been  alterable  in  the  past, 
and  a  number  of  physical  factors  ;  and  we  can  clearly  see  that  the  foi-mer 
series  has  been  adapted  to  the  latter,  and  that  the  more  complete  adapta- 
tion is  measured  by  the  less  fecundity. 

Thus,  as  regards  (1)  the  spawning-areas  of  the  whiting,  we  may  say 
that  they  extend  at  least  from  the  outer  stations  well  up  the  Firth  of 
Forth.  (2)  The  spawning-season  must,  from  the  evidence  of  the  pelagic 
eggs,  be  from  the  third  week  of  February  to  about  the  middle  of  July, 
allowing  a  few  days  prior  to  the  22nd  for  the  incubatory  period  of  the 
eggs  occurring  on  that  date.  The  spawning  appears  to  take  place  slightly 
earlier  in  the  outer  than  in  the  inner  stations.  (3)  The  direction  taken 
appears  to  be  similar  to  that  of  the  cod  in  the  earlier  part  of  the  year 
during  the  prevalent  east  winds,  when  the  eggs  spawned  in  the  outer 
stations  are  probably  drifted  up  the  Firth. 

During  the  latter  part  of  May,  and  the  month  of  June,  the  eggs,  laid 
further  up  the  Firth,  seem,  in  the  light  of  present  knowledge,  to  l)e 
drifted  hither  and  thither  in  a  more  or  less  indefinite  direction,  with  the 
slight  and  changeable  winds,  for  the  short  period  of  incubation. 

TABLE  IV.— EGGS  OF  PLAICE. 
Firth  of  Forth. 

Feb.  8,  1895.  Station  VIII.,        ...     2. 

,,  12,     ,,  ,,       IX.,    .  .8. 

„  10,  1891.         „      IX.,   ....     Numerous.   ' 

„  21,1993.  6  miles  E.  of  May  Island,       .     1. 

„  21,  1894.  Station  VIIL,        .  .16. 

,,  21,    ,,  ,,       IX.,   .         .  .8. 

,,  22,     ,,  ,,       v.,     .         .         .         .1. 

„  2^,  1890.  Cross-section  I.,      .        .         .     Eggs  of. 

1893 6400. 

Mar.     6,  1894.  Station  VI.,  ....     4  (ready  to  hatch). 

„      6,  1895.         „      VIII 15. 

„  14,  1892.         „      VII.,  ...     1  (advanced). 

,,  16,1894.  Largo  Bay,     .        .  .9. 

„  16,1892.  Station  VIIL,        .         .        .     99  (early). 

„  16,     „  „      IX.,   ....     1542  (early).       ^ 

„  18,  1890.         „      VIIL,        .        .        .     Eggs  of. 

„  19,1891.  „       v.,     .         .         .         .  „ 

„  20,1895.         „      V 4. 

,,  20,     ,,  ,,       VI.,    .         . 

„  21,  1890.  Cross-section  IIL,  .         .        .     Eggs  of. 

„  23,  189L  Station  VL,  .        .        .        .     A  few. 

„  29,  1894.         „       VI 12. 

„  80,  1891.         „       II Eggs  of. 
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April  4, 

„  4, 

ft  6| 

„  5, 

>»  5, 

..  «. 

»i  8» 

I*  ^1 

M  11. 

»  18, 

p,  16, 

„  17, 

,.  17, 

,.  18, 

..  18. 

„  19, 

»  19. 

.,  19, 

„  20, 

.,  21, 

„  23, 

.,  24, 

,.  25, 

„  25, 

„  26, 

,.  28, 

May  2, 

.»  6, 

„  6, 

I.  6, 

„  11, 

.,  29, 

Judo  4, 


1893. 

1892. 

1895. 
1892. 


1891. 
1894. 
1892. 
1894. 
189:3. 
1895. 
1893. 
1895. 
1892. 
1893. 
1892. 
1895. 
1890. 
1892. 


1891. 
1892. 
1891. 


1892. 


Taalb  IV,— Eggs  of  Plaice— am/inwcf. 
9  miles  E.S.E.  of  May  Island,    5. 


10 


8  to  12  miles  E.  of  Ma; 
A  few  miles  E.  of  May'  _ 
Prestonpans  to  mid-Forth, 
Cross-section  I.,     . 

II.,  . 
II.,  . 

Inchkeith, 
Cross-section  III.,  . 
Liston  Bank, 
Station  I.,      . 

,.     v.,    .      . 

,,      Vill.  andlX., 

,.       VI..   .        . 

„       II.,     .         . 

„       II.,    .        . 

„       VIIL, 
Cross-section  III.,  . 
Station  I., 

..  n.,   .  . 

„  v.,    .  . 

»  IX..  .  . 

..  in., .  . 

..  IV..  .  . 

..  VI..  .  . 

,,  v., 

„      VII...        . 

„      IX.,    .        . 

„       VI.,    .         . 
4  miles  E.  of  May  Islau 
Station  IX.    . 
Inchkeith, 


17. 
island,  250. 
island,     26, 
12. 

Eggs  of  (advanced). 
A  few. 
150. 

A  few,  almost  ready  to  hatch. 
2  (almost  ready  to  hatch). 
A  few. 
6. 

Considerahlo  number  (advanced). 
20. 

4  (nearly  ready  to  hatch). 
19. 

A  few. 
1. 

A  few  (advanced). 
1. 

5  (advanced,  to  hatching). 
7. 

Eggs  of. 
2. 
1. 

2  (one  ready  to  hatch). 

3  (nearly  ready  to  hatch). 
7. 

Eggs  of. 
8. 

of. 


1  or  2. 
1. 


Plaice. 


There  is  a  peculiar  satisfaction  in  dealing  with  the  eggs  of  this  species, 
because,  although  in  the  case  of  some  other  species  they  can  only  with 
great  difficulty  be  recognised,  in  this  case  we  are  certain  that  every  observa- 
tion must  be  well  established,  because  the  eggs  of  the  plaice  cannot 
possibly  be  mistaken  for  those  of  any  other  species. 

In  the  Firth  of  Forth  area,  the  eggs  of  the  plaice  are  found  between  the 
limits  of  February  8th  and  June  4th.  Dr  Fulton  gives  from  the  second 
week  of  February  to  nearly  the  middle  of  May  for  the  East  Coast,  with  a 
maximum  in  early  March.  Allowing  for  the  pdViod  of  incubation  of  at 
least  14  days,  the  spawning-period  derived  from  the  evidence  of  pelagic 
eggs  works  out  as  from  February  8th  to  about  the  20th  of  May — a  period 
closely  similar  to  that  derived  from  the  evidence  of  spawning  adults.  The 
maximum  in  mid-March  is  at  least  indicated  at  Station  IX.  in  1892 
(16th),  when  1500  were  found  in  one  haul,  at  early  stages. 

The  distribution  referred  to  in  *  the  Haddock '  and  *  the  Cod,'  is  also 
marked  in  this  species.  The  eggs  first  make  their  appearance  in  the 
outer  seaward  stations ;  and,  in  fact,  with  a  solitary  exception  on  Febniary 
22nd,  1894,  in  Station  V.,  all  those  found  in  February  occurred  in  the 
extra-territorial  waters.  One  vast  mass  of  ova  in  February  1893,  with 
another  bottle  labelled  'Carr,'  is  unfortunately  unlabelled,  but  they  were 
probably  obtained  in  the  off-shore  water  east  of  the  North  Carr.  In 
early  March,  we  notice  the  eggs  which  occur  in  the  inner  stations  (even 
Station  VI.  and  Station  VII.)  are  advanced  or  ready  to  hatch,  whereas 
the  early  stages  are  again  found  out  at  Station  VIII.  and  Station  IX.,  and 
in  greater  abundance.     The  first  appearance  of  eggs  of  the  plaice  in  the 
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inclosed  basin  of  the  Forth,  as  examined  at  Stations  I.,  II.,  III.,  and  IV., 
and  Gross-section  UI.,  is  as  late  as  March  21st  in  1890,  as  March  30th  in 
1891,  April  16th  in  1892,  April  18th  in  1893,  April  16th  in  1894,  and 
April  18th  in  1895.  In  every  case  in  which  the  stage  of  development 
is  registered,  the  eggs  found  in  these  stations  were  at  an  advanced  stage 
of  development.  During'  April  and  May,  the  eggs  are  found  in  small 
numbers  dotted  throughout  the  Firth,  and  in  the  outer  stations  as  well. 
The  last  two  appearances  are  in  the  outer  stations,  and  a  single  specimen 
in  June  at  Incnkeith  completes  the  series. 

These  facts,  although  more  clearly  demonstrable  by  diagrams  showing 
the  distribution  at  each  month,  are  sufficiently  clear  in  their  significance 
to  point  out  that  the  eggs  are  laid  from  the  early  part  of  Febroary  on- 
wards in  the  outer  stations,  east  of  the  May  Island ;  that  these  eggs  are 
in  part  drifted  in  by  the  currents,  as  described  in  detail  under  the  heading 
of  the  cod,  in  part  carried  elsewhere ;  that,  as  the  season  advances,  the 
eggs  become  dotted  about  the  Firth  in  more  widely  distributed  numbers, 
aud  that  in  the  outer  stations  the  supply  of  freshly-spawned  eggs,  after 
reaching  a  maximum  in  about  mid-March,  tails  off  slowly  till  about  the 
middle  of  May.  From  mid-February  to  mid-May  is  a  period  of  three 
months,  far  exceeding  the  duration  of  the  incubatory  period,  so  it  happens 
that  it  would  be  almost  possible,  by  taking  a  series  of  hauls  at  different 
stations  from  without  inwards,  at  a  given  date  in  the  middle  of  the 
spawning-period,  to  obtain  a  series  of  stages  from  the  eggs  to  the  hatching 
stage.  The  next  consideration  i^  that  the  number  of  eggs,  either  in  the 
outer  or  inner  stations,  are  not  nearly  as  great  as  should  be  the  case  for 
so  common  a  species.  Examination  of  the  areas  beyond  Station  IX., 
such  as  Listen  Bank,  and  further  north  towards  the  Bell  Rock,  show  that 
the  main  spawning-areas  of  the  plaice  are,  in  these  places,  further  out 
from  the  shore.  We  may  conjecture,  from  present  knowledge,  as  in  the 
case  of  the  cod  and  haddock,  that  the  Firth  of  Forth  probably  depends 
for  its  supply  of  floating  eggs  upon  the  section  of  eggs  which  are  spawned 
within  a  few  miles  of  the  Isle  of  May.  This  applies  still  more  to  the 
plaice;  and  the  comparative  scarcity  of  the  eggs  of  the  plaice* is  probably 
to  be  accounted  for  by  the  tendency  for  the  plaice  to  spawn  further  sea- 
wards. The  plaice  spawns  at  a  markedly  earlier  period  than  the  haddock 
or  cod,  and,  in  accordance  with  this,  and  with  the  fact  that  the  egg  is 
larger,  the  average  incubatory  period  must  be  longer.  This  demands  a 
spawning-area  further  out  from  the  shore. 

We  thus  note  that  (1)  the  spawning-areas  of  the  plaice  are  well  off- 
shore, the  nearest  to  the  Firth  of  Forth  being  in  Station  IX.,  and  in  some 
degree  Station  YIII.;  they  do  not  extend  into  the  Firth.  (2)  The  spawn- 
ing-season commences  (for  the  Firth  of  Forth)  in  the  early  part  of 
February,  increases  in  the  number  of  eggs  spawned  till  April,  and  de- 
creases through  May.  It  is  only  very  exceptional  to  find  eggs  of  the  plaice 
as  late  as  June.  (3)  The  distribution  of  the  eggs  after  spawning  is  similar 
to  that  of  the  cod  and  haddock,  but  as  the  plaice,  as  a  whole,  spawn 
further  out,  fewer  ^gs  of  plaice  are  drifted  into  the  Firth.  These  con- 
clusions bear  out  in  a  remarkable  degree  those  arrived  at  by  Professor 
M'Intosh  in  the  Trawling  Report,  and  Dr  Fulton,  who  both  examined 
spawning  plaice  and  their  distribution. 


TABLE  V.-EGGS  OF  FLOUNDER. 

FlETH  or  FOBTH. 

H«r.     6,  1896. 
„    16,1894. 
„    16,1892. 

station  VIIL,        .        .        .27. 
Largo  Bay,     .        .         .        .80. 
Station  IX.,   ....     57  (dab  and  flounder). 
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Table  V.— Eggs  of  Floundbe— ccwUmuerf. 


Mar.  19,  189&. 

i»  1®>  i> 

„  20.  „ 

„  20,  „ 

„  29,  1891. 

>i  29,  ,, 

„  30,  1891. 
April  5,  1896. 

„  11,  1892. 

„  18,  1891. 

„  16,  1894. 

„  16,  1892. 

„  17,1894. 

„  17,  ., 

„  17,  1896. 

»»  I'l  »> 

„  18,  1898. 

„  18,1594. 

„  18,  1895. 

»»  19,  ,, 

„  19,1893. 

.,  20,  „ 

„  22,  1896. 

„  26>1893. 
May  6,  1891. 

„   7,  1898. 
„   9,  1891. 

II  ^^1  i> 

>•  12,  ,, 

It  1^1  If 

II  2*2,  „ 

„  22,  1896. 

„  23,  1891. 

„  24,  1893. 

„  26,  1891. 

11  26,  „ 

I)  28,  >, 

,.  29,  „ 

„  29,  1896. 

II  81,  ,, 

„  81,  1893. 
June  1,  „ 
II   2,  „ 
„   4,  1894. 

„  14,  1893. 

II  '^i  ,1 

II  22,  ,y 


„       VII.,.  . 

„      VIII.  and  IX 

.,     v.,    .  . 

„      VI.,   .  . 

V 

,.      VI.,   .  . 

„    II..  .  . 

Prestonimns  to  raid-Fortli, 
Cross-soction  III., . 
Liston  Bank, 
Station  I.,      . 

„     v..    .  . 

,.     v.,    .  . 

„      VIII.  and  IX., 
..      VII., 

„      IV.,   .  . 

,.      VI..  .  . 

..     v....  . 

I)  *»•» 

..      VII.,  .  . 

..    in.,  .  . 

II        I'l        •  • 

„      VII.,  . 
Cross-sectiou  I., 
Station  V.,     . 

,.       VI.,   .  . 

I>  *•!  •  • 

,,      IV.,   .  . 
4  miles  £.  of  May  Inland,  _ 

6  to  12  miles  K  of  May  Island,  Eggs  of. 
Station  III., . 
AUerlady  Bay, 
Station  III.,  . 


6. 

25. 

19. 

9. 

25. 

60. 

Eggs  of. 

12. 

A  few. 

Eggs  of. 

A  few, 
1. 

120. 

14  (dab  and  flounder). 

1. 

(£arly)afow. 

7  (early). 

191. 

6. 

A  few. 

84  (dab  and  flounder). 

249. 

44  (flounder  and  sprat). 

Eggs  of. 

7  (advanced). 

1  or  2. 

In  great  number. 


.,'  in... 

.,       VI.,   . 

,.  n., .. 

.,  v..    . 

..  IX.,  . 

„  v.,    . 

„  II.,  . 

.,  u.,   . 

Cross- section  III., 
Station  IX.,  . 
E.  of  Inchkeith, 
Station  IX.,  . 
I,       VI.,    . 
Cross-section  II., 


164. 

EgCT  of. 
75(e*rly  to  later). 
A  few. 
Eggs  of. 

f  I 
A  few. 
16. 
224. 

22  (early  to  later). 
26  (advanced). 
87  (early  to  later). 
1. 

1  (very  advanced). 
16. 
28  (dab  and  flounders). 


Flounder. 

The  first  appearance  of  the  egg  of  the  ftounder  is  dn  March  6  (1895), 
and  the  latest  is  on  the  22iid  of  June  (1893).  This  is  a  far  more  circum- 
scribed sijawiiing-period  than  that  given  by  Dr  Fulton  for  the  whole  East 
Coast,  namely,  from  the  end  of  January  to  the  middle  of  July,  with  a 
maximum  at  the  end  of  April. 

In  the  month  of  March  the  eggs  appear  in  the  eonrse  of  three  weeks,  in 
Stations  11.,  V.,  VI.,  VII.,  VIII.,  and  IX.,  besides  the  inner  reach  of  the 
Forth  (Largo  Bay.)  The  same  feature  is  seen  during  April.  In  the 
early  part  of  this  month,  the  appearance  of  the  eggs  of  the  flounder,  in 
some  cases  at  early  stages,  in  Stations  I.,  FV.,  and  Cross-section  III.,  com- 
pletes the  whole  area  of  the  Firth.  In  this  month,  eggs  in  small  numbers 
are  found  in  every  station  in  the  Firth,  from  L  to  IX.,  Inclusive.  The 
same  dbtribution  is  characteristic  of  May  (Stations  VII.  and  VIII.  alone 
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excepted),  and  the  greatest  number  occur  east  of  May  Island,  and  in 
Station  II.  In  June,  advanced  e^g^  are  found  scattered  over  the  whole  area, 
from  Cross-section  III.  to  Station  IX.  The  numbers  of  eggs  spawned 
gradually  increase  through  April,  and  attain  a  maximum  in  May,  and  tiil 
off  in  June.  Such  items  as  *  191,'  *  249,'  *  great  numbers,'  appear  at  the 
end  of  April  and  beginning  of  May,  and  mark  out  this  period  as  the  time 
when  the  greatest  amount  of  spawning  takes  place.  There  can  be  no 
doubt,  from  what  we  have  remarked,  that  flounders  spawn  all  over  the 
Firth  of  Forth  area  below  Inchkeitb,  and  there  is  no  indication  to  lead  us 
to  suppose  that  spawning  begins  any  earlier  in  one  part  Jhan  in  the  other. 

No  doubt  the  eggs  spawned  in  March  and  early  April  in  the  outer 
stations  undergo  the  same  drift  inwards  as  in  the  case  of  the  cod  and 
haddock,  and  those  in  the  inner  stations  will  also  steadily  drift,  apart  from 
tidal  fluctuations,  westwards  up  the  Firth.  The  egg  of  the  flounder  is 
minute,  and  takes  less  than  seven  days  to  develop  at  6*6**  C,  a  mean  for 
the  Firth  of  Forth  during  mid-April,  so  that  it  is  enabled  to  be  laid 
further  inshore  than  that  of  the  cod  or  haddock,  and  still  more  so  than 
that  of  the  plaice,  and  this  is  accentuated  still  more  by  the  fact  that  the 
temperature  of  some  of  the  inner  stations  may  rise  to  so  high  as  8 '3"  C,  at 
which  temperature  the  egg  of  the  flounder  would  hatch  in  about  five  days. 
In  mid- May  the  mean  temperature  of  all  the  stations,  I.-VIII.  inclusive, 
for  1893,  was  10°  C,  at  which  the  hatching-period  of  the  flounder  would  be 
further  reduced  to  four  and  a  half  days,  so  .that^  taking  further  into  con- 
sideration the  fact  that  the  winds  are  neither  so  persistently  *  east,'  nor  so 
violent  when  the  summer  approaches,  and  we  can  see  how  a  species  like  the 
flounder,  with  a  small  egg  and  a  comparatively  late  spawning-season,  can 
spawn  inshore  with  comparative  impunity  though  a  fecundity  which  is 
the  highest  for  its  size  amongst  food-flshes,  tells  a  tale  of  loss  amongst  the 
young  stages  from  which  the  plaice  is  comparatively  immure,  and  the  cod, 
to  a  lasser  extent.  In  June,  the  temperature  may  rise  as  high  as  14*6**  C. 
(Station  IV.,  1893),  at  which  the  flounder's  egg. will  probably  hatch  in  a 
l)eriod  under  three  days,  thereby  greatly  reducing  the  time  to  which  it  is 
exposed  to  the  freaks  of  wind  and  weather. 

One  other  consideration  is  worth  noting,  taking  the  flounder  as  a  type 
of  a  diffusely-spawned  egg  in  a  rather  late  season  of  the  year.  As  the 
spring  terminates,  and  the  summer  approaches,  it  is  found  that  the  tem- 
peratures of  the  different  stations  differ  widely,  and  in  this  way  that  the 
temperature  of  the  inner  stations  becomes  higher  than  that  of  the  outer. 
Thus,  in  1892,  the  mean  temperature  for  the  end  of  May  1892  was  in  the 
inner  stations  (Stations  I.,  II.,  III.,  and  IV.)  7*9°  C;  in  the  middle 
stations  (Stations  V.,  VI.,  and  VII.)  7 •5"  C;  and  for  the  outer  stations 
(Stations  IV.,  VIIL,  and  IX.)  7-4'*  C.  The  difference  in  this  mouth  is, 
although  perceptible,  not  very  marked,  and  possibly  falls  within  the  error 
due  to  reading  at  different  tim^s  in  the  day.  On  the  other  hand,  in  June, 
the  difference  becomes  more  pronounced.  The  mean  temperature  of  the 
four  inner  stations  (taken  between  10  a.m.  and  2  p.m.)  is  IT  C,  that  of 
the  middle  stations  is  9*8**  C,  and  the  two  outer  stations,  9 -9'  C.  The 
inner  stations  certainly  have  a  higher  temperature  of  about  V  C,  and  the 
same  difference  is  shown  in  July.  The  differences  are  probably  much 
greater  some  way  below  the  surface,  the  usual  position  of  pelagic  eggs. 
At  anyrate,  these  differences  will  all  tend  to  make  the  eggs,  laid  further  in- 
shore, have  a  more  rapid  incubatory  period,  and  will  thus  help  to  nullify 
the  dangers  of  deposition  of  spawn  near  inshore.  The  nearer  inshore  the 
flounder  spawns,  the  closer  approach  is  there  of  the  spawning-area  to  the 
habitat  of  the  adult. 
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TABLE  VI.-EGGS  OF  SPRAT. 

Firth  [of  I'orth. 

Mar.  23,  1891. 

Station  VI.,  .        .      ■  .      •  . 

Swarms  of. 

April  6,  1892. 

Cross-section  11.,    .        . 

Eggs  of. 

'                Q 

>»        ^}       ti 

Cross-sectiou  XL,  6  to  10  fath., 

Considerable  numbers  of. 

•1      8.     1, 

,,               surface, 

A  few. 

*>       *'t     If 

Inchkeith,    .         .         . 

A  few. 

„    10,1891. 

E.  of  Portobello,    . 

A  few. 

„    11,  1892, 

Cross-section  II I., 

A  few. 

„    14,  1893. 

Station  IX.,  . 

4  (advanced). 

i»    17,     f( 

„       VII.,          .        .        . 

5  (fairly  advanced). 

„    17.1895. 

„       III.,  .... 

14. 

„    18,     „ 

„       H 

860. 

„    19,  1893. 

„       II.,    .... 

Abundance  (early). 

»f       19|         M 

„       III,.        .         .         . 

„          (very  early). 

„    19,1895. 

„       VII.,         .        .        . 

82. 

„    21,  1892. 

1.       II 

A  few. 

„    22,1895. 

„       VII 

1383. 

„    22,     , 

„       IX.,  .... 

183. 

II    23,     ,, 

It              *•!         ...» 

763. 

M    23,     „ 

„       VI.,  .... 

334. 

„    24.1890. 

1,       IX 

Eggs  or. 

M    25,     „ 

n         V 

II 

„    25,  1893. 

Cross-section,  I.,    . 

IG  (early  to  later). 

May     7,  1892. 

9  miles  E.  of  May  Island, 

2. 

1,    11,     M- 

SUtion  I.,     . 

35  (atlvancod). 

,.    12,1891. 

6  to  12  miles  S.  E.  May  Island, 

Eggs  of. 

„    17,1892. 

Station  I 

209  (various  stage.s). 

„    19,  1891. 

,1       III 

Eggs  of. 

„    21,  1896. 

„       IV.,  .... 

7. 

,.    22.     „ 

„       I.|     .         .         .         . 

1134. 

M    22,     „ 

„       III.,.         .         .         . 

3800. 

.,    22,     .. 

„       III.   .         .        .        . 

2667. 

,,    23,  1891. 

.,       I..      .         .         .         . 

Eggs  of. 

„    24,  1893. 

„       VII.,          .         .         . 

39  (early  to  later). 

,1    24,     ,. 

„       III.,.        .         .         . 

150  (poor-cod,  whiting,  and  sprat). 

,.    25,  1891. 

„       VI 

A  few. 

„    25.     „ 

„       II.,    .... 

Eggs  of. 

M    26,     „ 

„      v.,    .       .       .       . 

i» 

»    27,     „ 

„       VII.,          .         .         . 

Miiny  eggs  of. 

„    27,  1892. 

Cios-s-scction  II 

697. 

.,    27,     „ 

II.  (South),       . 

Abuudnnre. 

M    27,     „ 

II.  (North),       . 

171. 

„    28,  1895, 

SUiion  VII., 

1400. 

»i     ^8,     ,, 

,1       VIU 

95. 

,1    28,     „ 

„       IX.,  .... 

1250. 

If     ^^9,     ,, 

;.       VI.,  .... 

.1. 

„    80,  18  J2. 

Cross-Eoction  I.,     . 

11  (atlvanced  to  hatching). 

i»    81,     „ 

III.  (North),     . 

75. 

»    31,     „ 

III.  (South),     . 

48. 

„    31,  1895. 

Station  II 

3220. 

June     1,  1893. 

Cross-section  III.  (N.), 

100  (whiting,  poor-cod,  and  sprat). 

1.      2,     „ 

Station  IX 

16  (whiting  and  sprat). 

»»      'i     >i 

K  of  Inchkeith,    . 

10. 

f»      4»     11 

,,                  ... 

185  (poor-cod,  sprat,  and  whiting). 

II      ^1     11 

1,                  ... 

132. 

i»      *i     >» 

„                 (8  fathoms). 

38. 

II      ^1     II 

„                (10  fathoms). 

3. 

»      »»     II 

.  (bottom). 

11. 

„      9,  1891. 

May  Island,  .... 

181. 

II             v,          II 

II         .... 

Considerable  numl>er. 

II      9,     ,, 

N.  of  May  Island, 

II                II 

V      111       .1 

StJition  I.,      . 

2900. 

i»     11»      i» 

Vicinity  of  Station  I.,   . 

1100. 

„    12,     „ 

SUtion  II.,    . 

8778. 

„    19,  1893. 

„       VI.,  .                  .         . 

9  (sprat  and  whiting,  Tnriou88tag«'.s). 

„    21,     „ 

Cross-section  III.  (North),     . 

200. 

M    22,     1, 

CYoBs-section  III.  (South),     . 

100  («*arly  to  advanced). 
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Table  VI.—Eeos  of  Speat— <»w<tnMerf, 


June  22,  1891. 

„  28,  ,1898. 

„  28,     „ 

M  80,  „ 

July  8,  1891. 

»»  8,  ,, 

})  9,  ,, 

II  Oi  »f 

II  9,  ,, 

,.  10,  „ 

.,  17,  „ 

.,  17,  ,. 

,,  18.  „ 

21 

II  -^^i      II 

„  22,  „ 

II  28,  ,, 

i»  31,  ,, 

,1  31,  „ 

II  31,     ,, 

Aug.  4,  lb91. 

,1  <5i  11 

,1  14.     „ 

II  1^1  II 


Station  I.,     . 

..   II..  .    . 
,.   11.. .    . 

II       ♦^•1    •        • 
Largo  Bay,    . 
Kirkcaldy  Bay, 
Station  V.,    . 
Fidra  to  Cockenzie, 


GuUane  NesstoKiiighom  Ness 


Station  IV.,  . 

II     v.,   .       . 
.1     in., 

II       1^1  • 

„     v.,   .      . 

E.  of  Inchkeith,     . 
W.  of  May  Island, 


E.  of  May  Island, 
Elie  to  Ci-aU, 
Station  VII., 

,1       Ii      .         . 

»       IX.,   .        . 


2875. 

54  (advanced). 

200  (sprat,  poor-cod,  and  whiting). 

8  (adyanced^. 

181. 

125  (very  advanced). 

97. 

45  (snrface). 

200  (bottom). 

886  (very  advanced  to  hatching, 

bottom). 
750  (advanced). 
90  to  100. 
445. 

209  (advanced). 
Eggs  of. 

613  (very  advanced). 
30  (advanced). 
63        „ 

85  (very  advanced). 
141 

35  (advanced). 
68.        „ 
5  (fairly  advanced). 


Sprat. 

The  presence  of  the  eggs  of  the  sprat  in  great  numbers  is  quite  a 
feature  of  the  Firth  of  Forth.  The  extreme  limits  during  which  the  eggs 
occurred  were  March  23rd  (1891)  to  August  19th  (1891),  a  period  compris- 
ing very  nearly  five  months.  Dr  Fulton,  in  his  table  (10th  Scottish 
Fishery  Board  Report),  does  not  include  the  sprat,  but  from  the  data  here 
given,  the  avemge  spawning-period  might  be  put  down  as  from  April  to 
mid-August,  inclusive.  All  through  April,  May,  June,  and  July,  an 
abundance  of  eggs  occur  dotted  about  the  Firth,  in  all  stages,  but  there  is 
a  very  pronounced  order  in  the  way  in  which  they  occur.  Firstly,  we  note 
that  the  eggs  appear  first  in  the  middle  stations  (Station  YI.  and  Cross- 
Rection  IL),  all  the  data  from  March  23rd  up  to  April  8th  being  from 
this  district,  and  the  numbers  being  described  as  'swarms  of  and  'con- 
siderable numbers  of.'  Then  follow  *a  few'  found  in  three  parts  of 
the  inner  stations,  and  a  single  occurrence  of  four  (advanced)  eggs  in 
Station  IX.,  as  late  as  April  14th.  Still  they  are  confined  to  the  middle 
and  inner  stations,  with  abundance  of  early  eggs  in  Stations  II.  and  III., 
to  the  end  of  the  month,  except  for  two  items  under  Station  IX.,  and  one 
under  Cross-section  I.  The  same  distribution  is  seen  in  May.  In  the 
third  week,  thousands  of  eggs  occur  in  each  haul  (3220,  1134,  3800,  2667) 
in  Stations  L,  II.,  and  III.,  whilst  the  middle  stations  are  also  repre- 
sented by  *many,'  'abundance,'  1400,  697,  etc.  Only  four  hauls  during 
this  month  in  the  outer  stations  gave  sprat's  eggs.  In  June,  the  numbers 
were  small  in  1893,  which  alone  represents  the  early  part,  but  in  the 
middle  of  the  month  there  are  found  to  be  considerable  numbers  around 
the  May  Island  district,  and  also  the  same  abundance  as  in  May  in 
Stations  I.  and  IL,  running  into  thousands  per  haul  (2900,  1100,  3778, 
2875). 

Besides  the  three  observations  round  May  Island,  which  are  scarcely 
out  of  the  middle  district,  there  is  only  one  record  during  June,  in  the 
outer  stations,  and  that  in  Station  IX.,  16  eggs  in  all,  partly  'whiting.' 
Two  more  in  July,  and  one  in  August,  complete  the  whole  series  in  outer 
stations ;  whereas,  throughout  June  and  July,  nearly  all  the  inner  and 
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middle  districts  are  represented,  showing  that  in  these  months  the  eggs 
of  the  sprat  have  become  very  generally  distributed  over  the  inner  waters 
of  the  Firth. 

In  1893,  from  a  study  of  the  eggs  of  1892  and  1893,  the  following 
remark  was  made: — 'The  eggs  of  the  sprat  .  .  .  seem  to  be  most 
plentiful  in  the  upper  reaches  of  the  Firth,  and  are  abundant  in  the  Inch- 
keith  district,  but  they  become  less  common  out  to,  and  beyond  the 
Island  of  May'  (11th  Scottish  Fishery  Board  Report,  p.  251).  A  com- 
parison, such  as  is  here  instituted,  of  the  various  stations  through  several 
years,  enables  us  to  corroborate  this  and  also  to  go  further. 

The  facts,  point  out  most  clearly  that  the  sprat  commences  to  spawn  in 
the  middle  stations,  and  shortly  after,  abundant  spawning  takes  place  in 
the  inner  stations,  Stations  I.,  11.,  II.,  and  lY.,  with  Cross-section  III., 
throughout  May,  June,  and  July.  Then  the  same  characteristic  is  present 
as  in  the  whiting,  the  spawning  commencing  further  out  and  con- 
tinuing further  inshore.  There  is  no  indication  that  sprats  spawn  to  any 
extent  outside  the  Firth,  in  the  extra-territorial  waters.  The  eggs 
spawned  in  the  middle  stations,  in  March  and  April,  probably  are  drifted 
up  the  Firth  by  the  prevalent  easterly  winds,  though  a  few  find  their 
way  outwards  to  Station  IX. 

With  an  increasing  mean  temperature,  as  the  season  proceeds,  and  the 
cessation  of  violent  easterly  winds,  the  eggs  of  the  sprat  can  be  laid  with 
impunity  higher  up  the  Firth.  (Cunningham  found  the  eggs  of  the 
sprat  to  hatch  in  three  days  at  a  temperature  not  exactly  stated,  but 
given  as  from  45°  F.  to  60**  F.)  These  eggs,  laid  higher  up,  probably  drift 
to  and  fro  for  a  few  days  with  the  changes  of  the  tide  and  the  softer 
winds  of  the  summer  months,  and  they  appear  to  be  thus  gradually 
distributed  over  the  surface  of  theTFirth.  The  eggs  occurring  in  the 
middle  stations  in  the  later  part  of  the  spawning-season,  to  judge  by  their 
state  of  development  and  their  relative  numbers,  have  drifted  outwards 
from  the  inner  stations.  All  the  July  observations  are  in  one  year,  so 
one  cannot  be  too  sure  of  a  general  rule  here,  but  the  facts  would  be 
explained  very  well  if  the  predominant  winds  during  July  wei-e  westerly, 
or  it  might  be  that,  in  the  absence  of  easterly  winds,  the  resultant  action 
of  the  tide  would  be  to  carry  the  eggs  out  seawards.  One  of  these 
alternatives  is,  I  think,  capable  of  explaining  the  facts. 

Wo  may  thus  state  that  (1)  the  spawning-areas  of  the  sprat  are  first  in 
the  middle  stations,  and  shortly  after  in  the  inner  district.  (2)  The 
spawning-time  extends  from  the  end  of  March  to  about  the  middle  of 
August,  in  its  extreme  limits,  with  a  maximum  from  mid-May  to  the  end 
of  June.  (3)  After  spawning,  the  eggs  spawned  in  the  middle  stations,  ■ 
as  a  whole,  drift  westwards  up  the  Firth,  and  those  spawned  later  in  the 
inner  stations  spread  over  the  Forth  out  to  the  middle,  and  some  even 
to  the  outer  stations. 

The  sprat,  therefore,  forms  the  end  of  the  series  formed  by  the  plaice, 
cod,  and  haddock,  whiting,  and  poor-cod.  The  accompanying  diagram  will 
assist  in  the  demonstration  of  this  fact.  Whereas  the  plaice,  cod,  and 
haddock  all  spawn  in  the  outer  stations,  but  not  further  in,  they  also 
spawn  earliest  of  the  series ;  the  three  species  also  fall  into  a  lesser  series 
in  the  same  way,  but  less  marked.  The  whiting  (and  poor-cod)  spawn  in 
the  outer  stations,  but  rather  later,  and  later  still  in  the  middle  stations, 
whilst  the  sprat  do  not  probably  spawn  to  any  great  extent  in  the  extra- 
territorial waters,  but  are  slightly  later  than  the  whiting  in  the  inner 
stations. 

The  sprat  is  essentially  an  estnarine  fish,  and,  like  many  others  of  the 
clupeoids,  it  shows  a  predilection  for  brackish  or  fresh  water.      The 
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diflference  with  regard  to  place  of  spawning  from  the  gadoids  is  therefore 
an  instance,  as  in  the  whiting,  of  the  tendency  for  the  eggs  to  gradually 
acquire  the  habitat  of  the  adult.  The  estuarine  habits  of  the  sprat  have 
no  doubt  been  acquired  (as  in  the  flounder),  and  at  the  present  time  the 
sprat  only  leaves  this  adult-habitat  to  as  little  an  extent  as  is  possible 
commensurate  with  a  pelagic  egg.  In  the  case  of  its  near  relative,  the 
herring,  with  a  demersal  Qg%^  there  are  no  difficulties  of  pelagic  drifts  to  be 
overcome,  and  herrings  may  (e.^/.,  in  the  Schlei)  lay  their  eggs  in  brackish 
or  nearly  fresh  water,  and  again,  the  eggs  of  the  shad  appear  more  as  if 
they  were  formerly  pelagic,  but  now  sink  to  the  bottom  in  the  river. 

Dannevig  gives  us  no  data  upon  the  incubatory  period  of  .the  sprat's 
egg,  but  it  is  probably  more  rapid  in  development,  in  proportion  to  its 
bize,  than  is  the  case  with  the  gadoids  or  pleuronectids. 


TABLE  VII.— EGGS  OF  DAB. 


Firth  of  Forth. 

Feb. 

19,  1891. 

Station  VIII., 

Eggs  of. 

Mar. 

6,  1895. 

»,                  ... 

% 

16,  1894. 

Largo  Bay.,     .... 
Station  V. 

130. 

19,  1891. 

Eggs  of. 

19,  1895. 

„      VIILandlX.,     . 

3. 

20,     „ 

„     v.,      .       .       .       . 

3. 

20,     „ 

„     v.,      .       .       .       . 

1. 

25,  1891. 

„      VL,     .... 

Eggs  of. 

29,  1894. 

„     v.,      .... 

6. 

29,     „ 

„      VL,     .... 

77. 

80,  1891. 

„      IL,      .... 

Kggs  of. 

April 

8,  1893. 

E.  of  May  Island,    .        . 
9  miles  £.  of  May  Island, 

39  (early  to  later). 

4,  1892. 

117  (early  to  advanced). 

4,     „ 

10 

1 13  advanced  (dab  and  flounder). 

5,     u 

8  to  12  miles  ff,.  of  May  Island, 

Considerable  numbers. 

6,     „ 

Cross-section  I.  (N.  half), 

Eggs  of. 

5,  1895. 

Prestonpans  to  mid-Forth, 

6a 

8,  1892. 

Cross-section  II.,.    . 

A  few. 

11,     „ 

..        „       IIL.  .        .        . 

A  few. 

13,  1891. 

Liston  Bank 

Many  eggs  of. 

H,     „ 

Station  VIIL, 

A  few. 

14,  1893. 

»     ix 

3  (advanced). 

16,  1894. 

„      I 

33. 

16,     „ 

„      IIL 

1. 

16,  1892. 

Cross-section  IIL,    . 

A  few  (fairly  advanced). 

17,          M 

„        „       VIIL,  IX.,        . 

270. 

17,     „ 

W.  of  May  Island,  . 

6. 

17,  1895. 

Station  IIL,     .... 

71. 

18,  1894. 

„      VL.'     .... 

10  (early). 

18,  1895. 

„      IL.      .... 

383. 

18,  1893. 

„     VL,     .... 

Fair  abundance  (advanced). 

19,  1895. 

„     VIL,   .... 

26. 

19,  1892. 

Cross-section  III 

A  few. 

19,     „ 

„        „       IIL  (N.  half),     . 

A  few. 

20,  1893. 

StotionL,        .... 

^\  (dub  and  flounder). 

21,  1^92. 

„      IL,      .... 

6. 

22,  1895. 

„      IX.,     .... 

192. 

22,     „ 

„      VIL,   .... 

1567. 

28,     „ 

„      V 

511. 

23,     „ 

„      VL,     .... 

268. 

24,  1890. 

„      IX.,     .... 

Eggs  of. 

25,  1892. 

„      III 

Dab  (advanced). 

25,     „ 

„      IV.,     .... 

10  (advanced  to  later). 

25,  1893. 

Cross-section  I.,       . 

66  (early  to  later). 

26,     „ 

Station  I 

22  (flounder  and  dab)  advanced. 

26,     „ 

„      VI 

6. 

28,     „ 

„      IIL.    .... 

Eggs  of  (advanced  to  later). 

Miy 

2,  1892. 

„      VII 

7. 
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Table  VII.— Egos  of  Dab — continued* 


May 


6,  1891. 

7,  „ 
11,     ,. 

11,  1892. 

12,  1891. 


12, 
16 

16; 

19, 
22, 
22, 
22, 
23 
24 
24, 
26, 
25 
26, 
26 
26; 
26. 
26, 


»  28, 

„  29, 

„  81 

Juue  1 

M  2; 

M  4 

,.  8 

»  e. 

M  11 

»  11. 

*  12, 

«  16, 

„  21 

»  22, 

„  22, 

„  28, 

n  80, 

July  21 

.,  22; 

„  23, 

Aug.  29, 


1892. 

ft 
1891. 
1895. 


1891. 
1893. 

it 

1892. 
1891. 


1892. 


1895. 
1891. 

18^3, 


1892. 
1891. 
1892. 
1891. 


1898. 


1891. 
1898. 

1892. 


1895. 


Station  V.,      . 

„      II.,      .  . 
4  miles  K  of  May  Island 
Station  I., 
12  to  17  miles  S.-E.  of 

Island, 
6  to  12  miles  S.-E.*  of 

Island, 
Station  IX.,     . 

„      VIII., .  . 

„      III..    .  . 

»      I.,        .  . 

„      III..    .  . 

,.      III..    .  . 

..      I.,        .  . 

„      VII.,   .  . 

,.     HI..    .  . 

.,      IX.,     .  . 

.,      11.,      . 

,.      IV.,     .  . 

..    v.,     .      . 

Liston  Bank,  . 
W.  of  Liston  Bank, 
Between  Liston  Bank  and 

Island, 
SUtionVIL,  . 

,.    v.,     .      . 

„      IX.,     .        . 
.,      II.,      .        . 

Cross-section  III.  (N.  halQ, 
Station  IX.,     . 
E.  of  Inchkeith, 
Station  I., 

,r      VIL,    .  . 

.,1.,  • 

Vicinity  of  Station  I., 
Station  II.,     . 

„      I..        .        . 
Cross-section  III.  (N.  half), 
„        „       III.  (S.  halO, 


May 
May 


May 


Eggs  of. 
One  or  two. 
Eggs  of  (surface). 
4  (advanced). 

Eggs  of. 

Eggs  of. 

57. 

18. 

Eggs  of. 

899. 

800. 

187. 

Eggs  of. 

17  (advanced). 

11  (advanced). 

20  (nearly  hatcliing). 

Eggs  of. 

A  rew. 

A  large  number. 

A  few. 

A  few. 


21  (whiting  and  dab). 

78. 

Considerable  number. 

A  few. 

6  (advanced). 

10  (advanced). 

76  (early  to  advanced). 

4. 

50  (advanced). 

2. 

100. 

80. 

A  few. 

82  (advanced). 

28. 

23  (dab  and  flounder,   early  to 
later). 
Station  I.,       .        .  .    Some. 

M      11 57. 

„      v.,       .        .        .        .10  (various  stages). 
„      IX.,     ....     8. 
„      I.,        .        .         .        .     2. 
„      VIL,   ....     2. 
„      V 4. 

Dab. 

The  list  of  hauls  in  which  dab's  eggs  occurred  is  a  remarkable  one. 
Not  only  do  the  extreme  limits  extend  from  February  19th  in  1891  to 
August  29th  (in  1895),  comprising  the  whole  of  spring  and  summer,  or  a 
period  over  six  months,  but  the  great  number  of  occurrences,  especially 
in  April,  May,  and  June,  is  marked. 

In  very  few  instances  do  we  find  the  dense  masses  of  eggs  which  were 
noticed  in  the  case  of  the  sprat  and  other  species ;  the  only  instance  of  a 
great  number  together  is  on  22nd  April  1895,  when  in  Station  VIL 
about  1500  were  found.  At  the  same  time,  it  is  common  to  find  any 
number  from  100  upwards  in  each  haul,  very  evenly  distributed  through- 
out the  stations.  Thus,  in  March,  there  are  found  dab's  eggs  in  Largo  Bay, 
Station  IL,  Stations  V.,  VI.,  VIII.,  and  IX.  In  April,  every  station  is 
represented  over  and  over  again,  including  the  cross-sections,  and  the 
jJston  Bank  areas ;  in  fact,  in  April  the  eggs  of  the  dab  are  to  be  found 
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all  over  the  Forth  area,  pretty  erenly  distributed.  The  same  remark 
applies  to  the  month  of  May,  though  in  the  latter  part  of  this  month  the 
numbers  tail  off  in  the  outer  stations.  Through  June,  the  hauls  con- 
taining dab's  eggs  are  almost  confined  to  the  inner  stations,  with  only  one 
observation  on  the  2nd  in  Station  IX.,  and  a  couple  of  eggs  in  Station 
VIII.  Those  in  July  and  August  are  only  isolated  examples,  three  hauls 
in  1892  giving  an  aggregate  of  7  eggs  in  the  former,  and  one  haul  in 
1895  giving  four  eggs  in  the  latter. 

The  spawning-period  of  the  dab  may  be  thus  considered  in  an  average 
year  to  extend  over  the  months  of  March,  April,  May,  June,  and  July. 
This  agrees  with  Dr  Fulton's  estimate  of  *end  of  February  to  July, 
but  ordinarily  in  April,  May,  and  June.'  As  regards  the  spawning-areas, 
all  appearances  point  to  the  fact  that  the  dab  spawns  all  over  the  Firth  of 
Forth  area,  and  that  there  is  very  little  segregation  for  the  purpose  of 
spawning ;  the  small  numbers,  at  early  stages,  occurring  at  every  station 
of  the  Forth,  can  indicate  nothing  but  this  fact  At  the  same  time,  there 
are  clear  indications  that  the  dab  commences  spawning  in  the  outer 
stations  at  an  earlier  period  than  in  the  middle,  and  still  earlier  than  in 
the  inner ;  and  it  cannot  be  doubted  that  the  eggs  of  the  dab,  spawned  in 
March  and  early  April  in  the  outer  stations,  are  drifted  inwards,  under 
the  prevalent  east  winds,  as  in  the  case  of  the  cod,  haddock,  and  plaice. 
Thus,  in  1891,  the  eggs  first  occur  (in  February  19th)  in  Station  VTQ-, 
and  the  next  are  a  month  later  in  Station  Y.  In  1892,  the  first  recorded 
dab's  eggs  are  as  late  as  April  4th,  several  miles  east  of  May  Island, 
followed  by  Cross-section  II.  (on  the  8th)  and  Cross-section  IIL  (on 
the  11th).  In  1893,  no  dab's  eggs  are  recorded  till  April  14th,  when 
a  few  are  found  in  Station  IX.  In  1894,  there  are  very  few  records,  and 
none  whatever  in  Stations  YIII.  and  IX.  Lastly,  in  1895,  the  first 
occurrence  is  on  March  6th  in  Station  YIII.,  and  the  next  at  Stations 
YIII.  and  IX.,  the  middle  and  inner  stations  not  being  represented  till 
the  5th  of  April  and  the  18th  of  April  respectively.  With  the  exception 
of  the  rockling,  the  egg  of  the  dab  is  the  smallest  of  the  pelagic  eggs 
here  dealt  with,  and  its  period  of  incubation  is  probably  very  short 
We  are  thus  met  with  a  di^culty  in  that,  if  the  egg  of  a  dab  be  spawned 
in  the  end  of  March,  and  in  an  outer  station,  alongside  that  of  a  cod,  then 
if.  the  drift-currents  are  of  the  right  force  for  the  cod's  egg,  and  it 
reaches  the  shallow  water  at  the  assumption  of  the  post-larval  period,  then 
the  egg  of  the  dab  will  be  too  precocious,  and  the  post-larval  form  will 
require  to  seek  the  bottom  long  before  the  shallow  water  is  reached. 
This  difficulty  is  probably  overcome  by  the  fact  that  the  Forth  area  is, 
comparatively  speaking,  shallow  water  all  over,  and  that^  therefore,  the 
young  dab  can  migrate  downwards  to  the  bottom  as  soon  as  it  is  able  to 
do  so,  and  find  a  suitable  habitat  at  the  bottom  of  the  Firth. 

On  account  of  this  conformation  of  the  Firth,  the  eggs  of  all  the  fishes 
we  have  referred  to  have  not  to  guard,  to  any  great  extent,  against  any  too 
early  development ;  the  main  danger  is  a  '  deferred '  development,  and 
'  beaching '  as  a  result.  This  greatly  reduces  the  mortality  amongst  the 
eggs  and  larvsB,  and  is  probably  the  main  reason  why  comparatively 
shallow  firths  should  be  used  by  the  food-fishes  as  nurseries.  Were  there 
deep  water  close  inshore  we  should  certainly  expect  the  egg  of  the  dab  to 
be  spawned,  if  contemporaneously,  closer  inshore  than  that  of  e,g,  the  cod. 

The  eggs  continue  to  be  found  in  small  numbers  in  the  outer  stations  in 
April  and  May,  and  these  are  probably  spawned  on  the  spot.  The  few 
occurring  in  June  have  most  likely  been  spawned  in  stations  further  in- 
shore, and  have  floated  outwards  (c/.  Sprat).  In  the  middle  stations, 
spawning  commenced  in  the  middle  of  March,  and  the  greatest  number 
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of  dab's  eggs  in  Harcb  aw  found  in  Stations  V.  and  VI.  They  are 
also  fonnd  in  the  middle  stations  in  April  and  May,  but  tail  off  in  June. 
In  the  inner  stations,  the  spawning  does  not  become  at  all  general 
throughout  March  or  April,  and  it  is  well  on  in  May  before  a  large  series 
of  occurrences  are  recorded;  they  then  continue  throughout  June  in 
plenty,  indeed,  eleven  of  the  fourteen  records  in  this  moutli  are  from  the 
inner  four  stations  with  their  Cross-section.  This  distribution  closely 
agrees  with  that  for  the  whting  (see  Diagram),  though  the  dab  does  not 
quite  conform  to  the  rule  so  closely  as  this  fish. 

The  dab  itself  is  a  fish  of  varied  habits,  and  is  found  generally  dis- 
tributed at  all  moderate  depths,  so  that  the  diffuse  spawning-habit  is 
another  instance  of  the  tendency  to  the  approximation  of  the  spawning- 
area  to  that  inhabited  by  the  adult 

(1)  The  spawning-areas  of  the  dab  are  commensurate  with  the  whole 
extent  of  the  Firth  of  Forth  district.  (2)  The  extreme  limits  of  the 
spawning-season  are  from  February  19th  to  August  29th;  the  mean 
spawning-time  being  from  March  1st  to  June  30 th.  Spawning  com- 
mences in  the  outer  stations,  then  in  the  middle,  and  lastly  in  the  inner 
stations.  Spawning  continues  latest  in  the  inner  stations.  (3)  The  eggs 
spawned  in  the  outer  stations  in  March,  April,  and  May,  are  drifted  pro- 
bably shorewards  up  the  Firth,  and  the  same  applies  to  a  less  extent  with 
those  in  the  middle  stations.  Those  spawned  in  the  inner  stations  in  May, 
June,  and  July,  seem  to  develop,  in  sitv^  whilst  floating  here  and  there, 
and  apparently  some  are  drifted  seawards  to  the  outer  stations. 


TABLE  VIII.-EGGS  OF  GURNARD. 
PiETH  OF  Forth  Area. 


April 


May 


6,  1892. 
8,  »i 
17,  1894. 

17,  „ 

18,  1893. 

18,  1894. 
20,  1893. 
26,  1890. 

25,  1893. 

26,  1892. 
26,  „ 

2,  „ 
6,  1891. 

6,  1892. 
^»  »» 

7,  „ 
9»  ft 
9|  }) 

11,  „ 

12,  „ 
12,  „ 
14.  „ 
17,  „ 
17,  „ 

19,  1891. 
22,  „ 
22,  1895. 
28,  1891. 
25,  1892. 
25,  1891. 

25,  „ 

26,  1892. 
26,  „ 
28,  „ 


8-12  miles  E.  of  May  Island, .     A  few. 

Cross-section  II.,   . 

•        •        ,, 

W.  of  May  Island, 
SUtion  VIII.  and  ] 

.    1. 

[X.,  .        .     18. 

"      l\'  •        ' 

.     Several  (ready  to  hatch). 

„    yi.. .     . 

.     4  (early). 
.     8  (advanced). 

.,        I;       .          . 

>.     v.,    .      . 

.        .     1. 

Cross-section  I.,     , 

.     9  (advanced). 

Station  I.,      . 

„     vi..  .      . 

.     1. 

.     1  (advanced). 

,.      VII.,. 

.     2. 

„     v.,    . 

..    Eggs  of. 

„      IX.,   . 

.     10  (advanced). 

„      IX.,   . 

.        .     7 

«  mile*  E.  of  May  1 

sland,        .     8. 

Station  VIII., 

.     41. 

.,      VHI., 

.     18. 

.,      I..      . 

,     4  (advanced). 

12-17  Biles  3.  E.  of 

May  Island,  Gurnard. 

6-12        „ 

„          Eggs  of. 

Station  III.,  . 
.,      VII... 

.     4  (advanced). 

.     1. 

.     4  (advanced,  to  ready  to  hatch). 

.,    v.,    . 

.     Eggs  of. 

Aberlady  Bay, 

.     J^rge  numher. 

Station  III.,  . 

.        .     88. 

,,      I..      . 

.    Eires  of. 

..      IX.,   . 

.        .        .    77. 

.,      VI.,   . 

.    A  few. 

„            II.,        • 

.     Eggs  of. 

Listen  Bank, 

.        .        .     29? 

Liston  Bank  and  ^1 

fay  Island,     117. 

W.  ofLirtonBank 

,        .        .     129. 
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Table  VIII.— Eoos  of  Gurnard — eoniinwd. 

Station  IV.,  .        .        .        .  A  few. 

„       v.,     .        .         .        .  Eggs  of. 

,,      VII.,  .        .        .  Many  eggs  of. 

Cross-section  II.  (South),        .  9. 
Station  I.,      .        .        .         .6  (advanced). 

Cross-section  II.  (North),        .  80. 

(South),        .  8. 

Station  VII.,  .        .        .  125. 

„       VIII.,        .         .        .16. 

„       IX.,    .        .        .        .  27. 

,,      v.,     .        .         .        ,  Considerable  number. 

,,       IX.,    ....  Great  number. 

„       v.,     .         .         .        .  22. 

„       VI 2.     . 

Cross-section  I.  (North),         .  28  (advanced). 

,,  1 50  (very  advanced). 

Station  VIII.,         ...  15  (advanced). 

,,      V.y     ....  8  (advanced). 

Cross-section  III.  (North),      .  22. 

„  III.  (South).       .  19  (advanced). 

Station  II.,     .        .        .        .1  (early). 

„      VI., 6  (advanced). 

„       II.,     ....  252. 

Cross-section  III.  (North),     .  5  (early). 

Station  IX 800  (various). 

W.  of  Eyeborough,  .         .  2. 

E.  of  Inchkeith,     ...  80  (advanced). 

„  (8  fathoms),  .  80. 

„  (Ijottoni),       .  27. 

Station  I.,      ....  29  (fairly  advanced). 

„       VIII.,         .        .        .21. 
May  Island,    .        .        .        •45. 

Around  May  Island,       .        .  Many. 
W.  of  May  Island,          •        .         „ 

Station  IX.,  '.        .        .        .  45. 

„       I.,      .         .         .         .  24. 

Vicinity  of  Station  I.,    .        .  66  (fairly  advanced). 

Station  II.,    ....  28. 

,,       v.,     .        .         .        ,  8  (advanced). 

„       II.,     .        .        .        .  1 8  (yery  advanced). 

„       IX.,  ....  12  (advanced). 

„       I.,      .        .        .        .  5  (early  to  later). 

„      VI.,   ....  8  (advanced). 

„      VI.,   .        .        .        .  10  (early  to  advanced). 

Cross-section  III.  (South).      .  2  fearly). 

Station  I.,      .        .        .'      .  148  (advanced). 

^    »      II 78. 

Lai«o  Bay,     .        .        .        ,84. 

Kirkcaldy  Bay,       ...  20  (advanced). 

Station  v.,    ....  78  (very  advanced). 

,,      v.,    .        ,        .        ,11  (very  advanced). 

.,       v.,     .        .        .        .631  (bottom). 

Fiara  to  Cockenzie.        .        .  48  (advanced). 
Station  VIII.,        .        .        .16. 

„      IX 8. 

„      v.,     .        .        .        .  11. 

„      VII.,  ...  8. 

„      v.,     .        .        .        .  8. 

„      VI.,   ....  8. 


Gbbt  Gurnard. 

The  record  of  the  eggs  of  the  gurnard  extends  from  AprU  5th  to 
August  29th,  and  includes  the  months  of  April,  May,  June,  July,  and 
August.  We  'might  from  this  state  that  the  spawning-period  is 
from  the  first  week  of  April  to  the  second  week  of  August,  inclusive. 


May 

26,  1891. 

26,  M 

27,  „ 

27,  1892. 

27,  1893. 

27,  1892. 

27,  „ 

28,  1896. 

28,  „ 

28,  „ 

28.  1891. 

29,  „ 

29,  1895. 

29,  „ 

30,  1892. 

30,  „ 

80,  1893. 

80,  ., 

31,  1892. 

31,  „ 

31,1898. 

31,  „ 

81,  1895. 

June 

1,1893. 

o 

-»  If 

2,  1892. 

4,  „ 

4,  „ 

4,  „ 

8,  1891. 

9,  1892. 

9,  1891. 

9,  „ 

»,  „ 

10,  1892. 

11,  1891. 

11,  „ 

12,  „ 

13,  1892. 

18,  „ 

14,  1893. 

15,  „ 

16,  1892. 

19,  1893. 

22,  „ 

22,  1891. 

28,  1898. 

JuVy 

8,  1891. 

8,  „ 

9,  „ 

e,  „ 

9,  „ 

9,  „ 

21,  1892. 

22,  „ 

22,  „ 

22,  „ 

Aug. 

29,  1895. 

29,  „ 
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The  main  period  is  during  April,  May,  June,  and  July,  the  two  middle 
months  containing  by  far  the  greatest  number  of  records. 

The  table  in  many  respects  seems  to  resemble  that  of  the  dab  (Table 
VIII.).  A  great  number  of  occurrences,  scattered  over  all  the  stations, 
and  moderate  numbers  in  each  case,  indicate  that  the  gurnard  has  a 
diffuse  spawning-area,  and  no  very  definite  migratory  aggregation  of  in- 
dividuals for  the  purpose  of  spawning.  As  in  the  case  of  the  dab,  the 
earliest  spawning  occurs  in  the  offshore  stations^  the  eggs  first  appearing 
twelve  miles  east  of  May  Island.  In  all  the  month  of  April,  only  two 
records  of  eggs  in  the  inner  stations  are  found,  and  these  show  only  four 
eggs  in  an  advanced  stage  of  development.  It  is  well  on  into  May  before 
there  are  any  indications  of  spawning  taking  place  in  the  inner  stations, 
and  the  same  remarks  apply  in  a  lesser  degree  to  the  middle  stations. 
Gurnards'  eggs,  spawned  in  April,  in  the  inner  stations,  would  inevitably 
be  drifted  ashore  before  they  had  completed  development,  and  it  is 
only  in  the  later  part  of  the  season.  May-end,  June,  and  July,  when 
the  mean  temperature  is  higher,  and  the  prevalent  easterly  drift  has  sub- 
sided, that  such  large  eggs  can  be  laid  with  impunity  in  the  '  near-shore 
stations.' 

During  June,  spawning  still  continues  in  the  outer  stations,  and  the 
eggs  make  but  slow  progress  landwards  (June  2nd,  1893  ;  300  at  various 
stages).  In  all  the  inner  stations,  the  majority  of  the  occurrences  are 
those  of  eggs  in  an  advanced  condition,  which  strengthens  the  conclusion 
that  they  are  mostly  spawned  in  the  outer  and  middle  areas,  but  have  been 
floated  in.  In  July,  the  outer,  middle,  and  inner  stations  are  all  repre- 
sented by  small  quantities,  so  that  there  is  not  such  a  marked  falling- 
off  in  the  outer  stations  at  this  period  as  in  the  dab.  The  middle  stations 
are  best  represented,  and  it  is  in  these  that  the  two  occurrences  of 
August  are  recorded. 

All  appearances,  therefore,  indicate  that  the  gurnard  commences  to  spawn 
in  the  outer  stations ;  and,  as  the  season  gets  later,  transfers  its  main 
spawning-area  to  the  middle  stations.  There  is  no  pronounced  indication 
that  spawning  takes  place  in  the  inner  stations  to  any  great  extent, 
though  what  there  is,  is  very  late  in  the  season  (see  Diagram).  All 
these  facts  of  the  distribution  of  the  eggs  of  the  gurnard  can  be  explained 
in  a  like  manner  to  those  of  the  preceding  species,  by  appealing  to  the  size 
of  the  eggs,  closely  like  that  of  the  haddock,  and  the  time  of  year  at  which 
they  are  spawned.  The  early  eggs  are  similar  in  their  disposition  and 
behaviour  to  the  later  eggs  of  the  haddock  (or  rather  to  those  of  the  cod, 
as  they  are  not  so  densely  aggregated),  and  the  later  eggs  are  disposed, 
and  behave,  in  a  way  one  might  expect  haddocks'  eggs  to  do  if  they 
spawned  on  through  the  summer. 

The  gurnard  is  an  offshore  fish,  and  hence  it  probably  moves  inshore 
to  some  extent  for  spawning,  so  that  there  is  somewhat  of  a  migration 
from  the  adult-  to  the  egg-habitat.  An  approximation  of  one  to  the  other 
would  be  conceivable  by  the  assumption  of  an  earlier  spawning-period, 
by  the  assumption  of  a  larger  egg  (the  red  gurnard,  a  smaller  fish,  but 
inhabiting  deeper  water,  has  a  larger  egg),  or  by  both  of  these  combined ; 
or  lastly,  by  the  change  of  the  very  young  from  adaptation  to  shallow  to 
that  suited  to  deeper  water,  or  either  of  these  would  enable  the  gurnard 
to  eliminate  the  necessity  for  the  migration  shorewards.  (1)  The  ppawn- 
ing-areas  of  the  gurnard  are  in  the  outer  stations,  with  the  areas  East  of 
the  Island  of  May,  and  also  to  some  extent  the  middle  areas  about 
Stations  V.,  VI.,  and  VII. :  perhaps  partly  in  the  inner  stations.  (2) 
The  spawning-time  extends  from  April  to  August  inclusive,  the  main 
time  being  during  April,  May,  June,  and  July,  with  a  maximum  during 
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the  two  middle  months.  The  spawning  in  the  outer  stations  is  earlier 
than  that  further  shorewards.  (3)  The  direction  of  the  drift  of  the  early 
^jgs  (in  April  and  May)  is  probably  up  the  Firth,  as  in  the  preceding 
species,  but  the  movement  of  the  June  and  July  eggs  is  not  so  pronounced, 
and  is  probably  more  or  less  indefinite. 


May 


Jnne 


July 


19,  1891. 
22.  „ 

24,  1892. 

25,  1891. 

26,  „ 

27,  1892. 

27,  1891. 

28,  „ 
28,  1895. 

28,  „ 

29,  1891. 
29,  1895. 
81,  1893. 
81,  1895. 

1,  1893. 

2,  „ 
4,  1892. 

U,  1898. 
16.  ., 
19.  ,. 

21,  „ 

22,  „ 
28,  „ 
28,  ., 

8,  1891, 

9,  ., 
22,  „ 


TABLE  IX.— EGGS  OF  TUKBOT. 
Firth  of  Fobth. 

Station  III.,  .        .        .  Eggs  of. 

Aberlady  Bay,       .         .        .  J^ggs  of. 
Station  III.,          .         .        .2  (advanced). 

.,      VL,  .        .         .         .  A  few. 

.  Eggs  of. 

.  4  (early). 

.  Turbot. 


.,      11.. 
..       I..     . 
„      VII., 

,.  *•»    • 

..  VIL, 

„  IX..  , 

»>  IX.,  • 

..      VI.., 

Cross-section  III.  (North), 
Station  IX., 
F^  of  Inchkeith, 
Station  IX.,  . 

..   |..  . 

,.       VI.,  . 

„    III.. . 

Cross-section  11.  (South), 
Station  II., 

..    n.. 

Largo  Bay, 
Station  V., 

..     v., 


26. 
9. 

lor  2. 

5. 

1. 

66. 

1  (early). 

16  (early). 

1. 

1  (early). 

12  (advanced). 

44  (early  to  liter). 

6  (early). 

6  (early). 

6  (early  to  later). 

61  (early  to  later). 

Considerable  number  (turbot-like). 

A  few  (resembling  turbot). 

Eggs  of. 


The  eggs  of  the  turbot  occur  in  small  numbers  in  the  Firth  of 
Forth  district,  and  a  very  few  occurrences  are  recorded.  The  extreme 
limits  are  from  May  19th  to  July  22nd,  which  probably  indicates  a 
spawning  period  from  mid-May  to  mid-July.  Dr  Fulton  gives  from 
April  to  July  inclusive  for  the  East  Coast,  so  that  the  time  here  given  is 
six  weeks  earlier  and  shorter  than  his.  No  special  distribution  or  move- 
ment of  the  eggs  of  the  turbot  can  be  discerned,  and  although  the  turbot 
is  not  one  of  the  commonest  of  the  flat  fishes  it  looks  as  if  the  Firth  of 
Forth  area  is  not  by  any  means  the  spawning  headquarters  of  this 
species.  It  is  probable  that  the  turbot  spawns  in  deeper  water  further 
offshore,  and  that  the  eggs  here  recorded  must  be  regarded  as  more  or 
Jess  due  to  *  stragglers.'  They  occur  indiscriminately  in  all  stations,  and 
are  at  all  stages. 

Nothing  more  can  be  said  upon  this  subject,  but  it  is  evident  that 
more  definite  knowledge  is  desirable  wjth  regard  to  the  spawning  of  this 
valuable  fish. 

TABLE  X.— EGGS  OF  BRILL. 
Fikth  of  Forth. 
May     6,  1891.     Station  V.,    .        .         .        .     Egi^s  of. 

..      7,     „  „       II Eggs  of. 

.,      d,     ,.  „       IV.,  .  .        .     1  or  2. 

„    12,     „        12   to    17  miles  E.   of  May 

*   Island,        ....     Brill. 

„    25,     ,,        Station  II.,    ,        .         .        .     Probably  brill. 

„    27,1892.     Cross-section  IL  (North),      .     60. 

,1  |80,     ,,  ,,  1.,     .        .        .    Some  brill  (very  advanced). 
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This  meagre  list  is  all  that  one  can  glean  with  regard  to  the  presence  of 
eggs  of  the  brilL  .  Dr  Fulton  gives  the  spawning  period  as  mid-March  to 
the  end  of  June,  with  a  maximum  in  Lfay.  That  the  eggs  of  the  brill 
should  only  be  found  in  May,  at  the  height  of  the  spawning-season,  and 
then  only  in  small  numbers,  indicates  that  the  brill  spawns  in  the 
Firth  of  Forth  only  exceptionally.  This  species  probably  spawns  far 
from  land,  and  more  knowledge  of  its  spawning-habits  is  also  required. 

TABLE  XI.— EGGS  OF  GREEN  COD. 
Firth  op  Forth. 

Feb.  21,  1894.  Station  VIII.,        .        .        .16. 

»    21,     ,,  „       IX.,  ....     8  (advanced). 

it    22,     ,,  ,,       v.,     .                 .        .2. 

„M    26,     „  „       VI.    ....     1. 

Mar.    6,  1895.  „       VIII.,        .        .        .72. 

,,     7,    „  May  Island  to  Carr,       .        .    2. 

„      7,     ,,  Carr  to  Barbet  Ness,      .        .     17. 

„    19,     „  Station  VII.,          ...     4. 

M    19,     „  „      VIII.  and  IX.,  .        .     7. 

»    20,    „  „      v.,     .        .        .        .     1. 

„    20,     „  „      VI 1. 

April  14, 1898.  „       IX.,  ....     8  (advanced). 

„    26,     „  Cross-section  I.,     .        •        .     164  (green  cod  and  bib),  varioos 

stages. 

May    6,  1892.  Station  IX.,  ....     10. 

,.      9,     ,.  „       VIII.,       .        .         .48. 

M      9,     „  „       VIII 26. 

July  21.  1892.  .,       VIII.,        ...     6. 

f>    21,     ,,  ,,       IX.,  .                  ,         .2. 

Grben  Cod. 

The  number  of  eggs  of  the  green  cod  is  small,  but  it  is  likely  th^t  in 
many  cases  they  may  have  been  confused  with  those  of  some  of  the  o^her 
gadoids.  They  extend  from  February  2l8t  to  July  21st.  On  this  latter 
date  are  recorded  a  few  in  each  of  Stations  VIII.  and  IX.,  but  I  would 
be  inclined  to  doubt  the  accuracy  of  the  diagnosis  in  this  case.  (The 
observations  are  ray  own,  and  I  do  not  think  that  they  were  positive;  they 
are  accompanied  by  a  (?). 

Thus  I  think  we  are  justified  in  saying  that  the  record  of  the  pelagic 
eggs  gives  the  spawning-period  of  the  green  cod  as  from  the  third  week 
of  February  to  the  ejid  of  April,  allowing  for  the  period  of  incu^tion  in 
May.  This  compares  with  Dr  Fulton's  for  the  whole  Jlast  Coast  as  a  more 
contracted  period ;  he  gives  practically  the  first  four  months  of  the  year. 
The  conclusion  is  irresistible  that  (as  is  indicated  by  the  general  principles 
laid  down  above)  tlie  eggs  of  the  green  cod  in  January  would  be  found 
further  out  than  the  Firth  of  Forth  district.  The  green  cod,  in  respect 
of  spawning-period,  would  thus  come  at  the  head  of  t}ie  gadoid  series  (see 
Diagram),  and  the  distribution  of  its  eggs  falls  in  with  this  position.  The 
eggs  are  not  found  once  in  the  inner  stations  ;  partly,  perhaps,  because  by 
April  and  May  the  eggs  of  the  lesser  gadoids  {cf.  Ap.  25,  1893)  appear  in 
this  region,  and  obscure  them ;  but  they  are  newly  spawned  in  Stations 
VIII.  and  IX.  Only  five  records,  with  an  aggregate  of  10  eggs,  are  found 
in  Stations  Y.,  YL,  and  VII.,  the  middle  stations,  and  it  is  reasonable  to 
conclude  that  these  have  been  drifted  in  from  the  outer  stations. 

(1)  The  green  cod  spawns  in  the  Liston  Bank  area  and  outer  stations 
only.  (2)  The  green  cod  spawns  in  February,  March,  and  April  (3)  The 
eggs  are  probably  drifted  inwards  to  the  middle,  and  possibly  the  inner 
stations,  as  in  the  case  of  the  other  early-spring  gadoids. 
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TABLE  XII.— EGGS  OF  LING. 

FiBTH  OP  FOKTH 

Liflton  Bank,  •        .        .  Large  nninber. 

Station  y Eggs  of. 

„      VIIL,        ...  2. 
12  to  17  miles  S.E.  of  May 

Island Ling. 

6  to  12  miles  S.E.   of  May 

Island,       ....  Ova  of. 

StetionVII 1. 

K  of  Inchkeith  (bottom),  1. 
SUtion  v.,    .        .        .         .1. 

„      IL,    ....  2. 

Ling. 

The  list  under  this  head  is  very  meagre.  The  ling  is  decidedly  our 
most  prolific  food-fish,  and  is  also  a  deep-water  fish.  The  conclusion  is 
warrantable  that  the  Firth  of  Forth  does  not  form  a  regular  spawning- 
area  for  this  fish.  The  occurrence  of  large  numbers  at  Liston  Bank  in 
April  is  noteworthy.  A  very  few  appear  to  find  their  way  into  the  upper 
reaches  of  the  Forth,  but  it  is  probable  that  development  is  normally  out- 
side this  system,  and,  as  in  the  case  of  the  turbot  and  brill,  more  know- 
ledge is  required.  Hitherto  ripe  ling  have  only  been  found  in  deep  water, 
and  far  from  land. 

The  species  that  remain  for  consideration  are  the  long-rough  dab,  drago- 
net,  rockliiig,  poor-cod,  and  bib,  all  of  which  spawn  in  abundance  in  this 
area ;  and  the  rarer  topknot,  solenette,  and  weever,  which  need  not 
detain  us.  None  of  these  are  important  food-fishes,  and  time  has  pre- 
vented me  from  dealing  with  them  at  length. 

We  thus  find  that  the  Firth  of  Forth  district  forms  a  very  important 
area  for  the  spawning  and  development  of  food-fishes.  These  fall  into 
three  groups : — 

(1)  The  drift  group,  which  spawn  early  in  the  year  in  extra-territorial 
waters,  and  appear  to  avail  themselves  of  the  westerly  drift  at  that 
time  of  the  year  to  bear  their  eggs  and  fry  within  the  Firth.  They  con- 
sist of  the  plaice,  green  cod,  haddock,  and  cod,  to  which  we  may  add  the 
long-rough  dab. 

(2)  The  species  which  lay  their  eggs  in  the  upper  reaches  of  the  Firth 
later  in  the  season  when  the  drift-currents  seem  not  to  be  so  pronouncedly 
westerly.  These  are  the  sprat  and  dragonet,  to  which  we  may  add,  in 
so  far  as  they  spawn  in  this  area,  the  turbot  and  brill. 

(3)  The  species  which  have  a  spawning  habit,  partaking  in  varying 
proportion  of  the  nature  of  (1)  and  (2).  These  species,  in  the  order  of 
transition  from  (1)  to  (2),  are  : — Whiting  (and  poor-cod),  gurnard,  dab, 
and  flounder,  to  which  we  may  add  the  rockling. 
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DIAGRAM  SHOWING  SPAWNING- PERIODS  FOR  THE  VARIOUS 
STATIONS. 


Liston  Bank 

and  E.  of 

May  Island. 


Stations  IX.  and 

VIII. 
Cross-section  I. 


Stations  v.,  VI., 

VII.,  and 
Cross-section  II. 


Stations  I.,  II., 

III.,  rV.,  and 

Cross-section  III. 


1.  Plaice 

2.  Green  Cod 

8.  Cod  and 
Haddock 

4.  Whiting 

5.  Gurnard 

6.  Dab      . 

7.  Sprat     • 


Feb.-March- 

(April) 
Feb. -March 

March-April 


April-May 

(March) 
April-May 


Feb.-Mar.-(April) 

Feb. -Mar. -April- 
May 
Mar.-April-(May) 


Mar.-April-May 

April-May 

(Feb.)Mar.-April 
May 


May-June  (July) 

May-June-July 

( April)-May  -June 

(Mar.)- April- 
May- June  (July) 


May-June  (July) 

June! 

May- June  (July) 

May-June-July 
(August) 


The  species,  about  which  more  data  should  certainly  be  obtained,  are 
the  turbot,  brill,  and  ling ;  and  the  districts  further  from  shore  than  those 
here  dealt  with,  will  have  to  be  investigated  for  this  purpose.  A  research 
of  this  kind  would  probably  throw  light  on  the  later  stages  of  these 
species  as  well,  and  might  also  clear  up  the  ignorance  regarding  the  hali- 
but. 

It  was  intended  that  this  review  should  also  include  the  areas  of  St 
Andrews  Bay,  Moray  Firth,  and  the  Clyde,  but  the  detailed  examination  of 
the  Firth  of  Forth  has  prevented  the  inclusion  of  the  St  Andrews  Bay 
data  here.  The  general  spawning-system  appears  to  be  much  the  same  in 
many  respects  as  regards  the  Moray  Firth  and  the  Clyde  ;  the  few  observa- 
tions that  have  been  made  have  revealed  some  remarkable  differences 
from  the  Forth  system,  though  the  fact  of  their  paucity  prevents  the  issue 
of  statements  which  could  carry  any  weight.  It  is  thus  best  to  leave 
them  out  of  consideration  for  the  present. 
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VII.— REPORT  ON  THE  PELAGIC  OVA,  LARV.E,  AND  YOUNG 
FISHES  PROCURED  BY  THE  8.8.  *  GARLAND'  DURING 
THE  GREATER  PART  OF  1896.  By  Harry  M.  Kylb,  M.A., 
B.Sc,  Berry  Scholar,  Gatty  Marine  Laboratory,  University  of  St 
Andrews. 

In  this  paper  will  be  given  a  list  of  the  ova,  larvae,  and  young  forms  of 
fishes  collected  in  the  Firth  of  Forth,  Moray  Firth,  Firth  of  Clyde,  and 
Loch  Fyne  during  the  months  February,  March,  April,  May,  August, 
September  and  October  1896.  These  were  taken  by  the  *  Garland,'  and 
forwarded  to  St  Andrews  preserved  in  spirit.  The  portions  of  the  year 
during  which  most  hauls  were  taken,  were  April  (46,  from  the  10th  to 
the  24th,  on  the  Clyde  and  Loch  Fyne)  and  in  August  and  September 
(34  in  all,  in  Moray  Firth).  The  *  Garland '  was  on  the  east  coast,  at 
Firth  of  Forth,  for  a  short  time  only  about  the  beginning  of  March,  and 
there  is  therefore  very  little  to  show  for  this  period.  But  in  former 
years,  the  work  had  been  carried  on  mostly  in  the  east,  and  there  is  a 
great  store  of  facts  in  the  Scottish  Fishery  Board  Reports  from  which  to 
draw  comparisons  between  the  east  and  the  west. 

The  preservative  fluid  for  the  ova,  etc.,  was  an  alcoholic  solution  of 
camphor.  (Formerly  it  was  a  2  per  cent,  solution  of  acetic  acid  in  94  per 
cent,  methylated  spirit.)  This  answered  very  well  for  the  greater  number, 
but  the  ova  in  one  or  two  of  the  bottles  from  the  Moray  Firth  were 
blackened  and  contracted  so  much  as  to  be  almost  unrecognisable.  This 
may  have  been  due,  however,  to  some  accident.  The  same  happened  to 
two  bottles  from  the  west  coast,  but  this  was  clearly  traceable  to  bad 
corks,  which  had  allowed  the  spirit  to  evaporate. 

In  spirit  the  ova  contract  considerably,  but  not  all  to  the  same  extent, 
and  great  difficulty  is  thus  experienced  in  separating  the  eggs  of  some 
forms  from  one  another.  The  green  cod,  whiting,  and  poor  cod  are  the 
worst  in  this  respect.  The  two  last  indeed,  though  distinguishable  easily 
enough  in  the  fresh  state  are  almost  indistingushablo  in  spirit.  In  the 
fresh  state,  the  whiting  ova  are  larger  than  those  of  the  poor  cod,  but  in 
spirit  the  ova  of  the  poor  cod  seem  to  vary  greatly  in  the  amount  of 
contraction,  and  the  result  is  that  the  ova  of  the  two  forms  overlap  in 
size.  If  the  embryo  is  present  in  the  egg,  the  poor  cod  is  distinguishable 
from  the  whiting  by  having  more  pigment,  but  if  only  the  blastodisc  is 
seen  it  is  impossible  to  separate  the  two  forms  completely.  Again,  the 
green  cod  ova  come  in  size  between  the  whiting  and  poor  cod,  overlap- 
ping both  by  variations  from  the  average.  They  appear  at  an  earlier 
part  of  the  year,  however.  It  must  be  considered,  therefore,  that  the 
relative  proportions  of  the  poor  cod  and  whiting,  when  both  are  present, 
are  only  approximate  in  spirit  specimens.  As  Mr  Williamson  said,  in  the 
Thirteenth  Scottish  Fisher}'  Board  Report: — *The  presence  of  the 
species  recorded  is  certain;  the  exact  number  of  the  ova  of  any  one 
species  it  is  impossible  to  fix.' 

Where  a  very  large  number  of  ova  were  present  in  a  bottle,  acting  upon 
the  advice  of  Professor  M 'In tosh,  the  following  method  was  taken. 
Several  lots  of  about  a  hundred  each  were  counted  out  until  the  various 
ova  were  considered  to  be  all  fairly  represented.  The  proportions  were 
then  counted,  and  also  the  total  number  of  the  eggs,  as  nearly  as  possible ; 
then  the  total  number  of  each  species  was  got  by  multiplying.  If  some 
such  method  be  not  taken,  the  counting  of  die  ova  in  a  bottle  containing 
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a  few  thousands  would  occupy  a  whole  day,  and  where  a  hundred  bottles 
are  to  be  examined  there  would  be  a  great  waste  of  time  over  simple 
enumeration. 

The  order  pursued  in  this  paper  will  be  as  follows : — (1)  Notes  on 
the  collections,  beginning  with  those  from  the  Forth,  and  going  on  to 
those  of  the  Clyde  and  Loch  Fyne ;  (2)  notes  on  the  larvsB  and  young 
fislies  from  the  Forth,  Clyde,  and  Loch  Fyne ;  (3)  the  details  of  the 
collections  taken  there;  (4)  the  Moray  Firth  collection;  (5)  Tables 
showing  the  number  of  ova  from  the  Forth,  Clyde,  and  Loch  Fyne, 
In  these  Tables  are  given  the  day  of  the  month,  the  station,  and  the 
depth  of  water  at  which  trawl  was  made,  whether  at  the  surface  (sj^  etc. 

NoTBS  ON  Ova  prom  Firth  op  Forth. 

The  *  Garlatid '  was  in  the  Forth  during  the  latter  part  of  February 
and  the  first  part  of  March.  The  stations  visited  were — East  of  May 
Island,  half  a  mile,  and  from  the  May  to  two  mQes  east.  In  1894,  at 
the  same  time,  the  *  Garland '  was  about  the  same  place,  except  on  14th 
March,  when  it  was  further  up  the  Forth.  A  comparison  can  therefore 
be  made.  The  predominant  forms  in  both  years  at  this  time  were  haddock, 
green  cod,  flounder  and  motdla.  In  1894  cod,  whiting  and  poor  cod 
were  almost  entirely  absent.  In  1896  these  three  were  common.  In 
1894  the  whiting  and  poor  cod  were  not  got  in  any  large  quantities  until 
April,  when  the  whiting  was  the  predominant  form.  For  both  years,  in 
early  March,  the  haddock  was  the  commonest  form — except  long  rough 
dab  in  1894 — and  it  is  very  probable,  seeing  that  these  eggs  were  got  on 
the  surface  and  out  at  sea,  they  were  not  far  from  the  spawning  ground, 
which  would  lie  to  the  north-east,  in  accordance  with  the  results  of  the 
drift-current  experiments — more  to  the  north  than  east  The  same 
applies  for  the  whiting  and  poor  cod,  the  spawning  time  of  which  is 
somewhat  later.  At  this  time  the  spawning  of  the  green  cod  is  almost 
over,  because  the  greatest  number  of  eggs  is  got  in  the  beginning  of 
March  and  in  April  1894,  only  one  egg  was  found. 

From  May  Island  to  two  miles  east  trawlings  were  made  at  varying 
depths — surface,  6,  14,  24  fathoms,  and  bottom.  The  most  eggs  were 
got  on  the  surface,  and  the  number  of  eggs  procured  decreased  as  the 
depth  increased,  the  bottom  net  having  very  few  egga  In  the  mid-water 
nets  the  green  cod  has  a  greater  proportion  of  eggs  than  the  other  forms, 
and  this  would  lead  to  the  conclusion — according  to  Mr  A.  T.  Masterman 
— that  the  green  cod  eggs  were  spawned  further  out  to  sea,  and  that  the 
embryo  was  now  almost  fully  developed. 

The  eggs  of  the  long  rough  dab  were  not  got  in  such  profusion  this 
year  as  in  1896  ;  the  plaice  shows  about  the  same  numbers  ;  the  flounder 
also ;  whilst  the  dab  in  both  is  almost  entirely  absent  Motella,  which 
was  present  in  every  haul,  is  in  greater  numbers  than  in  1894.  The 
dragonet,  gurnard,  sprat,  and  turbot  are  absent  from  both  lists.  Their 
spawning  time  comes  later,  because  their  eggs  are  present  in  the  list  of 
1894 — the  sprat  in  great  numbers  in  April,  the  gurnard  and  turbot  to- 
wards the  end  of  May,  the  dragonet  at  the  beginning  of  June. 

Notes  on  Collection  op  Eggs  prom  Clyde  and  Looh  Fyne. 

This  is  the  first  time  that  eggs  have  been  taken  from  the  Clyde  at  this 
period  of  the  year,  and  a  slight  glance  at  the  tables  will  show  that  this  is 
the  spawning  period  of  all  the  common  food  flshes.  During  the  first  few 
days  of  July  1890,  eggs  of  the  following  species  were  found  (Professor 


Digitized  by 


Google 


248  Part  III. — Fifteenth  Anrmal  Report 

M*Intosh,  Ninth  Scottish  Fishery  Board  Report)  : — Sprat,  gurnard,  witch, 
dragonet,  motella,  turbot,  sole,  dab,  flounder,  ling.  From  this  list  the 
plaice,  haddock,  cod  and  other  gadoids  are  absent  From  the  list  for  the 
present  year  the  witch  and  ling  are  absent,  but  all  the  others  of  those 
mentioned  are  present. 

This  year  the  long  rough  dab,  plaice  and  gurnard  are  well  represented, 
but  far  exceeded  in  numbers  by  the  haddock,  cod,  whiting,  poor  cod, 
flounder  and  dab ;  the  cod  being  present  in  greatest  numbers.  K  the 
proportion  of  the  numbers  of  eggs  spawned  by  different  species  be  con- 
sidered, it  will  be  found  that  the  plaice,  long  rough  dab  and  haddock  are  as 
abundant  as  the  cod.  For  example,  the  cod  sheds  about  three  times  as 
many  eggs  as  the  haddock ;  hence  to  be  equally  abundant  there  should 
be  about  three  times  the  number  of  cod  eggs  that  there  are  of  haddock, 
which  is  not  always  the  case. 

On  several  occasions  trawlings  were  made  at  different  depths  on  13th, 
20th,  21st  and  22nd.  On  the  13th  and  2l8t,  however,  they  were  not  at 
the  same  place,  and  on  the  20th  and  22nd  they  were  limited  to  the  sur- 
face and  two  fathoms  down.  From  the  results^  it  \b  seen  that  there  is  no 
difference  between  the  number  of  eggs  taken  on  the  surface  and  at  two 
fathoms,  and  a  comparison  between  the  number  or  kinds  of  eggs  taken  at 
the  surface  and  at  the  bottom  or  great  depths  cannot  be  made  for  the 
same  place.  But,  comparing  generally  the  results  given,  the  proportion 
of  eggs  on  the  surface  to  those  at  the  bottom  is  as  100  to  1. 

The  majority  of  the  eggs  of  the  haddock,  cod,  whiting,  and  poor  cod 
had  simply  the  blastodisc,  bat  in  a  few  (chiefly  haddock)  the  embryos 
were  seen.  With  the  exception  of  the  long  rough  dab,  the  embryo  was 
not  in  the  same  stage  for  all  of  the  same  species  in  any  one  bottle  of  eggs. 
The  greatest  numbers  of  eggs  were  obtained  on  13th,  14th  and  15th 
April,  at  Stations  VI.,  VIL,  VIII.,  and  X.  j  at  Station  X.  over  20,000 
were  got.  Not  having  a  chart  of  the  Clyde  stations  at  hand,  one  is 
restricted  to  the  mere  mentioning  of  stations. 

Long  rough  dab. — This  form  was  got  in  23  out  of  30  trawls  not  in  any 
quantity  except  on  the  13th,  14th,  and  15th  April.  I'he  greater  propor- 
tion of  eggs  had  the  embryo  well  developed ;  in  some,  the  larva  was 
hatched.  Often,  however,  where  the  majority  wtre  thus,  one  or  two 
showed  no  signs  of  development,  as  if  they  had  not  been  fertilised,  or  if 
fertilised,  had  died  at  a  very  early  stage. 

Plaice. — The  plaice  is  not  quite  so  common  as  the  long  rough  dab, 
being  present  in  21  trawls.  These  two  forms  seem  to  hunt  together,  as 
will  be  seen  more  strikbgly  in  the  list  for  Loch  Fyne.  Comparing  with 
the  east  coast  for  the  same  time,  we  find  that  the  long  rough  dab  has 
about  the  same  numbers  at  both  places,  while  the  plaice  seems  to  be  over 
in  the  Forth.  No  figures  are  at  hand  for  March  on  the  -Clyde,  and  it 
cannot  be  said  absolutely  that  the  plaice  spawns  later  in  the  west  than  in 
the  east,  becaiise  its  eggs  might  be  got  just  as  early  in  the  year  in  the 
west  as  in  the  east.  Nevertheless,  this  statement  is  correct  that  the 
spawning  period  is  continued  later  in  the  west.  Mr  Masterman,  in  Thir- 
teenth Scottish  Fishery  Board  Report,  takes  the  spawning  period  of  the 
plaice  in  the  east  as  from  January  to  May,  and  mentions  that  Petersen  for 
Danish  waters,  gives  the  period  as  from  November  to  April,  with  the 
maximum  in  the  heart  of  winter.  For  the  Clyde,  it  seems  a3  if  the  maxi- 
mum were  in  the  beginning  of  April,  and  thus  the  spawning  period  would 
seem  to  be  later  in  the  warmer  waters.  The  temperature  of  the  water  in 
the  Clyde  during  April  (Thirteenth  Scottish  Fishery  Board  Report)  is 
about  8*  C.  on  surface  and  7*  C.  at  depths  greater  than  15  fathoms.  On 
the  east  coast,  the  temperature  of  the  water  at  the  same  period  is  under 
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7°  C.  On  the  Clyde,  therefore,  the  time  taken  during  incubation  will  be 
(Dannevig,  Thirteenth  Scottish  Fishery  Board  Report)  about  sixteen  days ; 
on  the  east  coast,  about  eighteen,  and  longer  for  Danish  water.  It  may 
be,  then,  that  the  longer  period  of  incubation  has  pushed  the  spawning 
time  back  towards  the  winter.  The  drift  currents  on  the  west  have  not 
been  traced  as  they  have  on  the  east,  and  it  is  almost  impossible  to  con- 
jecture how  far  down  the  Irish  Channel,  or  how  far  out  in  the  Atlantic 
the  plaice  eggs  were  spawned,  In  Loch  Fyne,  the  number  of  eggs  of 
long  rough  dab  and  plaice  far  exceeds  that  from  Clyde  and  £ast  Coast.  On 
the  23rd  April,  from  Loch  Grair  to  Quay  Ferry,  1470  plaice  eggs  were  got 
at  6^  fathoms  This  is  near  the  head  of  the  Loch,  and  allowing  a  period 
of  about  twelve  days'  incubation — for  the  embryo  was  not  fully  round  the 
yolk  in  any — and  a  drift  of  about  five  miles  each  day,  this  would  give 
the  spawning  ground  near  the  Mull  of  Cautyre,  and  the  time  of  spawning 
the  first  few  days  in  April.  To  ascertain  the  truth,  however,  it  would  be 
necessary  to  have  more  facts  at  one's  disposal — a  knowledge  of  the  direc- 
tion and  rate  of  drift  currents,  and  the  results  of  trawliugs  in  February 
and  March. 

The  haddock  and  cod  are  present.in  the  Firth  of  Clyde  and  Loch  Fyne 
in  enormous  numbers.  The  spawning  period  of  the  haddock  on  the  west, 
like  that  of  plaice,  seems  to  be  continued  later  than  in  the  east,  because 
in  the  east  the  numbers  are  small  and  cease  altogether  in  April  (Thir- 
teenth Scottish  Fishery  Board  Report),  whereas  on  the  west  they  are 
large  and  continue  so  on  to  the  24th  April.  If  the  same  line  of  reason- 
ing that  was  taken  for  the  plaice  be  gone  through  for  the  haddock  and 
cod,  it  will  be  seen  that  it  is  doubtful  whether  the  haddock  or  plaice 
spawn  first,  but  the  cod,  as  on  the  east,  is  later  than  both. 

Whatever  applies  to  the  cod  applies  also  to  the  whiting  and  poor  cod, 
because  the  numbers  for  the  thre6  at  all  places,  run  almost  equal — the  cod 
heing  in  excess.  On  the  east  coast,  the  greatest  numbers  of  the  whiting 
and  poor  cod  eggs  were  got  on  the  22nd  and  23rd  April,  those  of  poor  cod, 
however,  continuing  to  the  end  of  May.  The  time  is  almost  tl^e  same, 
therefore,  for  both  coasts.  If  it  be  inferred,  because  of  more  favourable 
conditions  as  to  climate,  temperature,  etc.,  that  the  spawning  time  for  the 
Clyde  should  be  earlier  than  on  the  east,  then  the  number  of  eggs  of  cod, 
whiting,  etc.,  that  ought  to  be  got  in  March  should  far  exceed  those  got  in 
April  From  present  figures  it  would  seem  as  if  spawning  season  is  at 
same  time. 

Green  cod, — One  or  two  eggs  of  this  form  were  found  on  three 
occasions. 

Gurnard. — The  e^gs  of  the  gurnard  are  very  abundant  in  the  Firth  of 
Clyde,  From  the  10th  to  the  20th  April  they  are  only  found  in  four  out 
of  eleven  trawls ;  after  that  date  they  are  present  everywhere  in  great 
numbers.  In  Loch  Fyne,  only  one  egg  was  found.  On  the  east  (1894) 
gurnards'  eggs  did  not  appear  until  the  22nd  of  May.  This  latter  fact 
would  point  to  the  conclusion  that  the  spawning  period  for  gurnard  is 
much  earlier  in  the  west  than  in  the  east.  Since  the  eggs  are  not  got  in 
Loch  Fyne,  it  may  be  inferred  that  they  were  spawned  in  the  Firth  and 
had  not  had  time  to  drift  up  the  Loch.  They  should  be  found  in  the 
Loch  later. 

Sprat. — ^The  eggs  of  sprat  are  not  common  in  April  either  in  Firth  of 
Clyde  or  Loch  Fyne.  They  were  found  first  on  21st  April,  at  Station 
Vn.,  Firth  of  Clyde,  in  bottom  net  The  greatest  number  at  any  time 
was  54,  and  this  is  in  striking  contrast  to  the  numbers  taken  on  the 
east  coast  in  April,  May  and  June  1894.  In  Loch  Fyne  still  fewer  were 
found.  It  would  seem,  therefore,  that  the  spawning  period  has  hardly 
yet  begun,  and  that  it  is  later  than  in  the  east. 
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Turbot — This  form  is  not  abundaut,  neither  in  Firth  of  Clyde  nor 
Loch  Fyne.     On  the  east  coast  it  was  not  found  until  the  end  of  May. 

Flounder  and  dab. — These  may  be  considered  together  because  they 
are  rarely  separate,  the  flounder  being  more  abundant.  Their  eggs  are 
as  universal  as  those  of  the  cod,  and  almost  as  abundant.  On 
13th  April,  at  Station  II.,  Clyde,  the  eggs  were  almost  entirely  flounder 
and  dab  in  the  bottom  net.  How  this  is  to  be  understood  is  difficult. 
Station  II.  may  be  in  partly  fresh  water ;  if  so,  it  is  curious  that  no 
more  eggs  of  cod,  etc.,  were  found  in  this  net.  On  the  east  coast,  the 
flounder  eggs  are  common  from  March  till  the  end  of  !May,  and  the 
dab  reaches  a  maximum  in  April. 

Motdla, — The  eggs  of  motella  were  very  abundant,  as  on  the  east 
coast  at  the  same  period.  The  greatest  number  was  got  on  April  22nd, 
at  the  Station  Pladda  to  Tumberry. 

Dragonet,  — The  eggs  of  this  form,  which  did  not  appear  on  the  east 
coast  till  June,  were  present  at  the  beginning  of  April  in  Firth  of 
Clyde.  They  are  not  so  abundant  as  motella's,  and  are  almost  entirely 
absent  from  Loch  Fyne.  , 

Two  other  forms  occur — the  sole  and  megrim.  The  sole  was  got  three 
times,  twice  in  the  bottom-net  on  13th  and  20th  April,  and  once  in 
surface-net  on  20th  April.  Two  eggs  of  megrim  were  got  in  the  same 
net  as  last. 

In  connection  with  the  trawl ings  in  Loch  Fyne : — five  places  visited. 
At  four  of  these  trawls  were  made  at  different  depths,  and  the  result  is 
interesting.  At  6^  fathoms  no  whiting,  poor  cod,  sprat,  turbot,  flounder 
(twice  only),  dab,  Motella  (once),  or  dragonet  were  found,  while  the 
haddock  and  cod  were  present  in  small  numbers,  but  the  forms  with 
eggs  of  large  bulk,  the  long  rough  dab  and  plaice  were  got  in  greater 
quantities  than  anywhere  else.  This  is  easily  understood  for  the  plaice, 
because  of  the  greater  mass  of  its  eggs  as  compared  with  those  of  other 
forms,  but  the  long  rough  dab  eggs  are  specially  adapted  for  floating — owing 
to  perivitelline  space — as  is  to  be  seen  in  spirit  in  the  bottles.  They  float 
above  all  the  other  eggs.  The  reason  for  these  being  found  in  deep 
water  b,  that  the  larvae  were  for  the  most  part  hatched, — the  embryo 
having  just  broken  througli  the  egg  capsule,  or  being  fully  developed 
within  the  capsule.  In  the  surface  net,  the  cod  eggs,  as  in  Firth  of 
Clyde,  were  predominant. 

LARViE  AND  YOUNG  FISHES. 

Firth  of  Forth, — The  number  and  variety  of  these  are  not  so  great 
as  in  1894,  owing  to  the  much  shorter  time  that  the  *  Garland '  spent  in 
the  Forth. 

Clupeoid  forms  were  the  commonest,  and  varied  greatly  in  size. 
This  corresponds  to  the  different  months  of  spawning  (Masterman, 
Fourteenth  Scottish  Fishery  Board  Report),  one  set  being  from  8  to 
9*5  mm.,  the  other  from  28  to  31  mm.  Sand-eels  were  fairly  common, 
varying  from  5  to  9 '5  mm.  A  single  example  of  the  common  eel,  6*3 
cm.  was  got  at  Station  II.  on  the  24th  February.  Gunnels  were 
almost  as  common  as  clupeoids,  varying  in  size  from  9  to  13  mm.  A 
few  cotti  were  caught  at  Station  IV.  on  20th  February. 

FIRTH  OF  CLYDE  AND  LOCH  FYNE. 

The  most  common  forms  met  with  were  gadoids,  sand-eels,  and  mon- 
tagu's  suckers.     The  gadoids  varied  in  size  from  3'5  to  20  mm.,  and 
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were  present  at  almost  every  station.  The  montagu's  suckers,  very  small 
in  size,  with  the  sucker  undeveloped  in  most,  were  as  numerous  as  the 
gadoids.  The  sand-eels  ranged  from  8  to  15  mm.  Other  forms  present 
were  pleuronectids,  clupeoids,  cotti,  gobies,  and  crystal! ogobies. 

FIRTH  OF  FORTH. 
(The  numbers  in  brackets  at  the  end  of  each  trawl  refer  to  the  bottles.) 

Station  IV. — 20th  February,  bottom  tow-net.     5  cotti,  4  mm.  (97). 

Station  II. — 24th  February,  surfaca  2  sand-eels,  6  mm. ;  18  gunnel, 
9  to  13  mm. 

Station  II. — 24th  February,  bottom.  Common  eel,  6-3;  clupeoid, 
28  mm. 

Half-mile  east  of  May — 26th  February,  surface  net.  Long  rough  dab, 
2  j  haddock,   4 ;  poor-cod,  1  ;  motella,  3  (102). 

Half-mile  east  of  May — 26th  February.  2  clupeoids,  28  and  31  mm. 
(98). 

From  May  Island  to  2  miles  east — 4th  March,  two  surface  nets.  Long 
rough  dab,  2;  plaice,  3;  haddock,  168;  cod,  12;  whitincr,  100; 
green-cod,  140;  poor-cod,  60;  flounders,  37;  dab,  9;  motella,  37  (100). 

From  May  Ishmd  to  2  miles  east — 4th  March,  bottom.  Long  rough  dab, 
2  ;  plaice,  3  ;  haddock,  18  ;  cod,  3  ;  whiting,  3 ;  green-cod,  16  ;  motella^ 
2  (101). 

From  May  Island  to  2  miles  east — 4th  March,  bottom.  13  clupeoids, 
8  to  9  5  mm. ;  clupeoids,  30  mm. ;  2  guunel,  13  mm.  (99). 

From  May  Island  to  2  miles  east — 4th  March,  14  fathoms  from  bottom. 
Long  rough  dab,  6;  plaice,  1;  haddock,  33;  cod,  10;  whiting,  15; 
green-cod,  34;  flounder,  2;  motdla,  13  (106). 

From  May  Island  to  2  miles  east---4th  March,  14  fathoms  from  bottom. 

5  sand-eels,  8  to  9*5  mm.  (103). 

From  May  Island  to  2  miles  east — 4th  March,  6  fathoms  from  bottom. 
Long  rough  dab,  5 ;  plaice,  2 ;  haddock,  26 ;  cod,  5  ;  whiting,  10 ; 
green-cod,  40;  poor-cod,  6;  flounder,  4  ;  dab,  2  ;  motellay  23  (107). 

From  May  Island  to  2  miles  esist— 4th  March,  6  fathoms  from  bottom. 
8  clupeoids,  8  to  9  mm.  (104). 

From  May  Island  to  2  miles  east — 4th  March,  24  fathoms  from  bottom. 
Long  rough  dab,  12;  plaice,  2;  haddock,  25;  cod,  6;  whiting,  12. 
green-cod,  38;  poor-cod,  8  ;  motdla,  21  (108). 

East  of  May  Island, — 6th  MarcL  Long  rough  dab,  1 ;  haddock,  1 1 ; 
cod,  13;  whifing,  6;  green-cod,  25;  flounder,  2;  motella,  6  (105). 

FIRTH  OF  CLYDE. 

Station  III. — 10th  April,  surface.  Clupeoid,  17  mm. ;  sand-eel,  10 
mm. ;  5  gadoids,  6  to  8*5  mm.  :  (71). 

Station  IV. — 10th  April,  surface.  Long  rough  dab,  61 ;  plaice,  6  ; 
gurnard,  5 ;  haddock,  322 ;  cod,  276 ;  whiting,  57  ;  green  cod,  20  ;  poor 
cod,  260 ;  flounder,  87  ;  dab,  89 ;  motella,  60 ;  dragonet,  84  :  (30). 

Station  IV. — 10th  April,  surface.  Clupeoid,  11*5  mm.;  gadoid,  5 
mm. ;  4  cotti,  4  to  6  mm.  :  (72). 

Station  V. — 10th  April,  bottom.    Plaice,  7  ;  flounder,  3  ;  dab,  5  :  (15). 

Station  V. — 10th  AprH,  surface.  3  gadoids,  6,  7,  and  7*5  mm.  ;  2 
sand-eels,  9*5  and  12  mm. ;  cottus,  3  mm. ;  goby,  2*5  mm. :  (74). 

Station  V, — 10th  April,  bottom*     Gadoid,  4  mm. ;  2  cotti,  3-5  and 

6  mm. ;  5  gobies,  2*5  to  3*5  mm. ;  5  Montagu's  suckers,  2'5  to  3*5.  mm. ; 
2  sand-eels,  8  and  9  mm. :  (73). 
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Station  L — 13th  April,  bottom.  Long  rough  dab,  5  ;  plaice,  1  ;  had- 
dock, 1  ;  cod,  8 ;  whiting,  9  ;  green  cod,  18 ;  poor-cod,  2 ;  turbot,  28; 
flounder,  15  ;  dab,  13 ;  motdloj  49;  sole,  1  :  (1). 

Station  I. — 13th  April,  bottom.  Montagu's  sucker,  3  mm. ;  goby, 
3-5  mm.  :  (70). 

Station  I. — 13th  April,  2  fathoms.  Long  rough  dab,  14  ;  plaice,  4 ; 
haddock,  12;  cod,  166  ;  whiting,  104;  poor  cod,  65  ;  turbo t,  3;  flounder, 
220;  dab,  45;  motella,  158:  (9). 

Station  I. — 13  th  April,  surface*  4  gobies,  5  to  7  mm. ;  cottus,  8-5 
mm. ;  gadoid,  8  mm. ;  sand-eel,  8  mm. :  (69). 

Station  II. — 13th  April,  bottom.  Cod,  1 ;  whiting,  1 ;  flounder  and 
dab,  605  :  (12). 

Station  VI. — 13th  April,  surface — Long  rough  dab,  117 ;  plaice,  18  ; 
haddock,  165 ;  cod,  600 ;  whiting,  600 ;  poor-cod,  800 ;  flounder,  600 ; 
dab,  400;  motdla,  70:  (21). 

Station  VL — 13th  April,  surface.  9  gadoids,  6  to  8*5  mm. ;  clupeoid, 
9 '5  mm. ;  erystallogobiug,  10  mm. :  (75). 

Station  VI. — 13th  April,  2  fathoms.  Long  rough  dab,  139 ;  plaice, 
19;  gurnard,  10;  haddock,  400;  cod,  700;  whiting,  800;  poor-cod, 
600 ;  flounder,  400 ;  dab,  320 ;  inotdla,  250  :  (5). 

Station  X. — 14th  April,  surface.  Over  20,000  ova,  consisting  of  long 
rough  dab,  plaice,  etc.,  as  in  preceding,  with  larger  proportion  of  cod  and 
inotella  (advanced  mostly)  :  (13). 

Station  X. — 14th  April,  surface.  9  gadoids,  5  to  9  mm. ;  6  sand-eels, 
7  to  10  mm. :  (80). 

Station  X. — 14th  April,  bottom.  8  gadoids,  3  to  7  mm.;  13  Montagu's 
suckers,  3  to  7  mm.  ;  2  crystallogobies,  5  and  9*5  mm. :  (81). 

Station  X. — 14th  April, bottom.  3  gadoids,  45  to  6*5  mm. ;  2  Mon 
tagu's  suckers,  3  and  4  mm. ;  2  crystallogobies,  6'5  mm.  and  8  mm.  (82), 

Station  VII. — 15th  April,  surface.  Long  rough  dab,  35  ;  plaice,  100 
gurnard,  120;  haddock,  800;  cod,  850;  whiting,  600;  green  cod,  20 
poor-cod,450  ;  flounder,  200  ;  dab,  900 ;  rtwtella,  900  ;  dragonet,  100:  (31), 

Station  VII. — 15th  April,  surface.  22  gadoids,  3*5  to  8*5  mm 
3  pleuronectids,  6  to  7 '5  mm. :  (76). 

Station  VII. — 15th  April,  bottom.  4  gadoids,  4  to  7  ram. ;  goby,  4 
mm. ;  2  clupeoids,  10  mm. ;  4  Montagu's  suckers,  3  to  8  mm. ;  5  pleuro- 
nectids, 4  to  5  mm. :  (77). 

Station  VIIL — 15th  April,  surface.  Long  rough  dab,  130;  plaice, 
110 ;  haddock,  200  ;  cod,  1600 ;  whiting,  2000  ;  poor-cod,  400 ;  flounder, 
300  ;  dab,  250 ;  motella,  300 :  some  of  long  rough  dab  were  hatched :  (7). 

Station  VIIL — 15th  April,  surface.     2  gadoids,  6  and  6*5  mm. :  (78). 

Station  VIIL — 15th  April,  bottom.  2  gadoids,  5  mm. ;  pleuronec- 
tid,  4-5  mm. ;  cottus,  5  mm. ;  7  sand-eels,  8  to  12  mm. ;  19  Montagu's 
suckers,  4  to  7*5  mm. :  (79). 

Station  XL — 16th  April,  bottom.     Pleuronectid,  5  mm. :  (83). 

Station  XIL — 16th  April,  bottom.  2  pleuronectid,  6*5  and  8  mm.  ;  2 
gadoids,  6  mm. :  (84). 

Station  VII. — 20th  April,  bottom  (at  night).  Long  rough  dab,  6 
(hatched) ;  plaice,  13  ;  haddock,  2 ;  cod,  37  ;  whiting,  31  ;  poor-cod, 
10 ;  turbot,  1 ;  flounder,  7 ;  dab,  10 ;  moteUOy  53  ;  sole,  6  :  (?) 

Sanda  to  Bbnnan,  20th  ApriL 

Surface,  1st  hauL  Long  rough  dab,  1 ;  gurnard,  45  ;  haddock,  82  ; 
cod,  191 ;  whiting,  31  ;  poor-cod,  105 ;  sprat,  30 ;  turbot,  5 ;  flounder, 
26 ;  dab,  39  ;  motella,  8 ;  dragonet,  102 ;  sole,  1 ;  megrim,  2 :  (27). 
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2  fathoms,  1st  haul  (shrimp  net).  Long  rough  dab,  3 ;  plaice,  2 ; 
gurnard,  84;  haddock,  17;  cod,  184;  whiting,  153;  poor-cod,  135; 
sprat,  54 ;  flounder,  35 ;  dab,  81 ;  motella^  18;  dragonet,  68;  and  larval 
gadoid:  (25). 

Surface,  2nd  haul  (shrimp-net).  Long  rough  dab,  1 ;  gurnard,  14 ; 
haddock,  8 ;  cod,  52 ;  whiting,  23 ;  poor-cod,  13 ;  sprat,  6  ;  flounder, 
15  ;  dab,  31 ;  moteUa,  9  ;  dragonet,  18  :  (24). 

Surface,  3rd  haul  (shrimp  net).  Gurnard,  61 ;  haddock,  10  ;  cod,  62  ; 
whiting,  83  ;  poor-cod,  33 ;  flounder,  23  ;  dab,  15  ;  motella,  3 ;  dragonet, 
7  (67). 

Surface,  4t!i  haul  (slinmp  net).  L.ong  rough  dab,  1 ;  plaice,  4  ;  gur- 
nard, 18 ;  haddock,  9 ;  cod,  675  ;  whiting,  35  ;  poor-cod,  85  ;  sprat,  12  ; 
turbot,  15 ;  flounder,  50 ;  dab,  46 ;  motella^  25 ;  dragonet,  20  (59). 

2  fathoms,  2nd  haul.  Long  rough  dab,  6  ;  gurnard,  25  ;  haddock,  8  ; 
cod,  48;  whiting,  15 ;  poor-cod,  59 ;  sprat,  14 ;  turbot,  1  ;  flounder,  5  ; 
dab,  21 ;  motella^  5 ;  dragonet,  44  (26). 

2  fathoms,  3rd  haul  Gurnard,  7 ;  haddock,  112  ;  cod,  24  ;  whiting, 
24 ;  poor-cod,  13 ;  flounder,  13 ;  dab,  18 ;  motella,  18  (1). 

2  fathoms,  4th  haul  Long  rough  dab,  11  ;  plaice,  9  ;  gurnard,  256  ; 
haddock,  107 ;  cod,  350 ;  whiting,  170 ;  poor-cod,  200 ;  sprat,  16 ; 
flounder,  6  ;  dab,  138  ;  motella,  95  ;  dragonet,  98  (34). 

Surface.  Gurnard,  28  ;  haddock,  58  ;  cod,  99 ;  whiting,  82  ;  poor-cod, 
85  ;  flounder,  22  ;  dab,  128 ;  mx)tella,  41  ;  dragonet,  20  (64). 

Station,  VII. — 2l8t  April,  bottom  (night).  Plaice,  6  ;  gurnard,  10 ; 
haddock,  34 ;  cod,  47 ;  whiting,  29 ;  poor-cod,  50 ;  sprat,  30 ;  turbot,  2 ; 
flounder,  6 ;  dab,  3 ;  motella,  1  ;  dragonet,  1  (52). 

Station  VIII. — 21st  April,  surface  (night  trawl).  Plaice,  20;  gur- 
nard, 600;  haddock,  120;  cod,  1000;  whiting,  1500;  poor-cod,  600; 
sprat,  20;  flounder,  400;  dab,  600;  m<fteLla,  500;  dragonet,  600  (41). 

Station  XII. — 2 let  April,  surface.  Long  rough  dab,  2  ;  plaice,  3 ; 
gurnard,  43;  haddock,  20;  cod,  114 ;  whiting,  31;  poor-cod,  100; 
sprat,  4  ;  turbot,  4  ;  flounder,  48 ;  dab,  76  ;  motella,  60  ;  dragonet,  20  (55). 

Station  XII. — 2l8t  April,  2  fathoms  (night  trawl).  Long  rough  dab, 
3;  gurnard,  29;  haddock,  119;  cod,  131;  whiting,  40;  poor-cod,  76; 
sprat,  3;  flounder,  42;  dab,  74 ;  motella,  25 ;  dragonet,  8  (51). 

COBSBWALL  to  MuLL  OP  CaNTYRB. 

21st  April,  shrimp-net,  2  fathoms,  1st  trawl.  7  sand-eels,  11  to  15 
mm.  (86). 

2l8t  April,  shrimp-net,  2  fathoms,  2nd  trawl.  16  sand-eels,  11  to  155 
mm. ;  gadoid,  6*5  mm.  (39). 

Station  XII. — 21st  April,  surface  (night).  Crystallogebius,  7*5  mm. ; 
2  Montagu's  suckers,  3  mm. ;  cottus  (?  damaged),  5  mm. 

Pladda  to  Turnbbbrt. 

22nd  April,  surface,  1st  trawl  (shrimp-net).  Long  rough  dab,  10 
(hatched)  ;  plaice,  4  ;  gurnard,  82 ;  haddock,  30 ;  cod,  270  ;  whiting, 
100  ;  poor-cod,  250  ;  turbot,  3  ;  flounder,  115  ;  dab,  96 ;  motella,  160  ; 
dragonet,  24  (48). 

22nd  April,  surface,  2ud  trawl.  Long  rough  dab,  4  ;  plaice,  5  ;  gur- 
nard, 96;  haddock,  84;  cod,  504;  whiting,  120;  poor-cod,  600;  sprat, 
4  ;  turbot,  12  ;  flounder,  150  ;  dab,  94 ;  motella,  220  ;  dragonet,  50  (44). 

22nd  April,  surface,  3rd  trawl.     Long  rough  dab,  3 ;  plaice,  3  ;  gur- 
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nard,*  95 ;  haddock,  60 ;  cod,  450  \  whiting,  90  j  Doof-cod,  60p ;  sprat, 
3 ;  turbot,  8 ;  flounder,  120 ;  dab,  64 ;  motelJa,  200;  drago^et,  22  (45). 

22ud  April,  2  fathomp,  Ist  trawl.  Long  rough  dab,  12;  pjajce,  15; 
gurnard,  225;  haddock,  105;  cod,  660;  whiting,  120;  poor-cod,  400; 
turbot,  20 ;  flounder,  460 ;  dab,  200 ;  motella,  750 ;  dragonet,  190  (46). 

22nd  April,  2  fathoms,  2nd  trawl.  Long  rough  dab,  11  ;  pjaice,  6  ; 
gurnard,  46 ;  haddock,  30  ;  cod,  125  ;  whiting,  35  ;  poor-cod,  JOO ;  sprat, 
2  ;  flounder,  15  ;  dab,  75  ;  inotella,  53;  dragonet,  25  (38). 

22nd  April,  2  fathoms,  3rd  trawL  Lopg  rough  dab,  13  j  gurnard, 
42;  haddock,  22;  cod,  44;  whiting,  20;  poor-cod,  76;  flounder,  2; 
dab,  11;  nwtella,  36(47). 

22nd  April,  surface.     2  gadoids,  p  and  U  mm.  (88). 

22iid  April,  2  fathoms.     3  gadoids,  5  to  10  mnj.  (89). 


LOCH  FYNfl. 

FURNACB  TO  ClADICH. 

23rd  April,  mid-water  net,  61  fathoms.  Long  rough  dab,  704  ;  plaice, 
168  ;  haddock,  16  ;  cod,  15  (49). 

23rd  April,  mid-water  net,  6 J  fathoms.  Long  rough  dab,  127  ;  plaice, 
111  ;  haddock,  2  ;  cod,  6  (50). 

23rd  April,  mid-water  net,  6J  fathoms.  Long  rough  dab,  63  ;  plaice, 
242  ;  haddock,  9.     In  this  bottle  also  2  young  gadoids,  7  mm.  (56). 

23rd  April,  mid- water  net,  6 J  fathoms.     Gadoid  7  mm.  (91). 

23rd  April,  mid-water  net,  6|  fathoms.  Long  rough  dab,  110 ;  plaice, 
217 ;  haddock,  18  ;  cod,  10 ;  flounder,  2  (58). 

23rd  April,  mid-water  net,  2J  fathoms.  Long  rough  dab,  41  ;  plaice, 
40  ;  haddock,  7  ;  cod,  75  ;  whiting,  7  ;  poor-cod,  4  ;  flounder,  38 ; 
dab,  7  ;  motella,  1  (53). 

LocB  Gair  to  Quay  Fkrry. 

23rd  April,  mid-water  net,  6 J  fathoms.  Long  rough  dab,  160 ; 
plaice,  1470;  haddock,  20  :  cod,  15  (54). 

23rd  April,  mid- water  net,  6 J  fathoms.  Sand-eel,  15  mm. ;  gadoid,  8 
mm.  ;  2  eggs  of  long  rough  dab  (90). 

23rd  April,  mid- water  net,  2  J  fathoms.  Long  rough  dab,  14 ;  plaice, 
12  ;  haddock,  15  ;  cod,  63  ;  poor-cod,  30  ;  flounder,  2  ;  dab,  22  ;  rnotella^ 
1  (37). 

23rd  April,  mid- water  net,  1  fathom.  Long  rough  dab,  |  ;  haddock, 
9  ;  cod,  9  ;  poor-cod,  10 ;  sprat,  2  ;  flounder,  6  ;  dab,  2  (68). 

23rd  April,  mid-water  net,  1  fathom.  Long  rough  dab,  4 ;  plaice,  4  ; 
haddock,  340;  cod,  550;  whiting,  210;  poor-cod,  190;  floundef,  75; 
dab,  373  ;  motella,  233  (35). 

Upper  Loch  Fyne,  Cairndow  to  Dunderavb. 

23rd  April,  2  J  fathoms.  Long  rough  dab,  169  ;  plaice,  3  ;  haddock, 
6  ;  cod,  430  ;  whiting,  10;  poor-cod,  10  ;  sprat,  1  ;  flounder,  5  ;  dab,  2  ; 
mofella,  1  (36). 

23rd  April,  1  fathom.  Long  rough  dab,  3  ;  plaice,  6  ;  haddock,  340 ; 
cod,  1600;  whiting,  240;  poor  cod,  220;  flounder,  400 ';  mote(Ia,'^5 
(57). 

*  Included  in  these  were  3  eggs  similar  to  those  of  gurnard,  but  as  large  as  plaice's. 
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23rd  April,  2 J  fathoms.  Long  rough  dab,  20  ;  plaice,  100  ;  haddoc^, 
20;  cod,  4000;  whiting,  50;  poor-cod,  30;  sprat,  10;  flounder,  100 
(32). 

Tarbert  to  Avidh  Island. 

24th  April,  mid-water  net,  6 J  fathoms.  Long  rough  dab,  155  ;  plaice, 
190  ;  haddock,  11  ;  cod,  3 ;  flounder,  1 ;  motella,  1  (40). 

24th  April,  mid-water  net,  1  fathom.  Long  rough  dab,  13 ;  plaice, 
25;  haddock,  28;  cod,  600;  whiting,  150;  poor-cod,  250;  turbot,  40; 
flounder,  1500 ;  dab,  500 ;  motella,  680 ;  dragonet,  30  (42). 

24th  April,  mid- water  net,  2  J  fathoms.  Long  rough  dab,  6 ;  plaice, 
11  ;  gurnard,  1 ;  haddock,  12  ;  cod,  146  ;  whiting,  50  ;  poor-cod,  222  ; 
turbot,  16  ;  flounder,  177;  dab,  138;  motella,  57;  dragonet,  13  (66). 

24th  April,  mid-water  net,  2^  fathoms.     6  gadoids,  8  to  20  mm.  (92). 

Opp  Kbnmorb,  Loch  Fynb,  27th  April,  bottom.  Cottus,  14  mm 
(93). 

Loch  Shirra,  Hbad  op  Loch  Fynb. 

5th  May,  3  fathoms.  Long  rough  dab,  1 ;  cod,  50  ;  whiting,  4  ;  poor- 
cod,  3 ;  flounder,  21  ;  moiellay  2  ;  dragonet,  12  (22). 

5th  May,  3  fathoms.  Gadoid,  4  mm. ;  clupeoid,  11  mm. ;  10  gobies, 
3  to  4  mm.  (94). 

Hbad  op  Loch  Ftne, 

5th  May,  3  fathoms.     Cottus,  6  mm.  (95). 
5th  May,  bottom.     8  gobies,  3*5  to  5  mm. 


MORAY  FIRTH. 

In  this  region  ova  were  collected  between  24th  and  26th  August  1896, 
from  the  Stations  L,  lY.,  VL,  VIL,  VIII.,  IX.,  and  X.,  and  on  Sept. 
22nd,  from  Station  III.  As  will  bo  seen,  very  few  eggs  were  obtained, 
because  of  the  lateness  of  the  season.  By  this  time  the  spawning  period 
is  over  for  the  common  food-fishes ;  in  fact,  one  might  say  for  all,  the  eggs 
obtained  being  considered  to  have  come  from  late  fish,  whose  spawning 
time  has  been  delayed  by  untoward  circumstances.  This  conclusion 
receives  confirmation  from  a  review  of  the  lists  of  ova  obtained  from  the 
Moray  Firth  for  the  last  three  years.  In  1893  ova  were  collected  there 
during  the  month  of  May;  in  1894,  during  July;  in  1895,  during  the 
latter  part  of  July  and  the  first  part  of  August ;  in  1 896,  this  present 
year  treated  of,  during  the  latter  part  of  August.  An  interesting  com- 
parison can  therefore  be  made,  and  a  very  superficial  glance  suffices  to 
show  that  both  in  the  number  of  forms  represented,  and  the  number  of 
ova  obtained,  there  is  a  diminution  from  large  quantities  in  May  to  the 
relatively  trifling  number  in  the  latter  part  of  August.  Again,  the  occur- 
rence of  one  or  two  of  the  forms  might  seem  to  be  very  exceptional, 
because  they  occur  in  one  year  and  not  in  another.  The  small  numbers 
cannot  be  said  to  arise  because  few  trawlings  were  made.  In  1894  there 
were  thirty-seven  trawlings;  in  1895,  twenty-eight;  and  in  1896,  thirty- 
four. 

During  May  1893  the  long  rough  dab,  plaice,  gurnard,  brill,  haddock, 
bib,  whiting,  witch,  lemon-dab,  green-co^  poor-cod,  cod,  ling,  turbot, 
sprat,  flounder,  dab,  and  rockling,  were  represented  in  the  lists.  For  the 
most  part  these  are  food-fishes.  The  eggs  of  the  gurnard  were  the  most 
abundant,  the  dab  coming  next,  while  those  of  the  turbot,  sprat,  and 
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flounder  were  plentiful,  as  well  as  the  gadoid  forms  mentioned.  This 
is  the  time  when  most  of  the  food-fishes  are  spawning,  as  April  is  on  the 
Clyde. 

During  July  1894  no  eggs  of  long  rough  dab,  plaice,  brill,  haddock, 
whiting,  witch,  green-cod,  ling,  or  sprat,  were  obtained  ;  a  few  new  forms 
occurring,  the  weever,  megrim,  lemon  dab,  MiiUer's  topknot,  and  sole- 
nette. The  eggs  of  the  gurnard  and  dab  are  still  the  most  abundant, 
though  the  relative  positions  of  the  two  are  altered.  There  is  a  great 
diminution,  however,  both  in  the  forms  represented  and  the  abundance 
of  ova. 

During  the  latter  part  of  July  and  first  part  of  August  1895,  a  still 
greater  diminution  is  seen,  except  in  the  case  of  the  gurnard.  This  fish 
is  remarkable  in  that  the  number  of  ova  got,  relative  to  those  of  other 
fish,  shows  no  diminution  from  April  to  the  first  part  of  August.  Its 
spawning  period  must)  therefore,  extend  over  that  time.  On  the  Clyde, 
its  eggs  occur  most  frequently  in  April  ;  on  the  Forth,  at  the  end  of 
May  and  beginning  of  June. 

The  eggs  of  the  megrim,  Miiller's  topknot,  lemon-dab,  cod,  and  bib, 
have  disappeared  by  the  end  of  July,  and  the  numbers  of  the  other  fishes' 
eggs  are  greatly  decreased. 


Table  showing  the  number  of  Ova  obtained  in  Moray  Firth  during 
latter  part  of  August  1896. 


Month. 

August 

Sept. 
22. 

Total. 

Day. 

24. 

25. 

25. 

25. 

25. 

26. 

26. 

Station. 

IV. 

S. 

VI. 

s. 

VII. 

S. 

VIII 

s. 

IX. 

s. 

I. 

s. 

X. 

s. 

III. 
S. 

Species — 
Weever, 
Cod,  . 
Bib,  . 
Megrim, 
Whiting, 
Poor-cod, 
Dab,. 
Motella,     , 
Dragonet, 
Solenette, 
Turbot, 
Gumaid, 

1 

3 
6 

12 

1 

4 
2 

14 

1 

"2 
11 

2 
i'2 

"i 

i 
3 

2 

i 
"i 

1 
1 

"'5 

i 

2 
"2 

2 

11 

3 

2 
4 

"3 

1 
8 
2 
6 

"'3 

5 

11 

2 

24 

1 

10 

20 

33 

7 

3 

6 

19 

In  the  present  list  for  the  latter  part  of  August  1896,  one  or  two  of 
these  forms  again  occur,  the  cod,  bib,  and  megrim,  but  in  very  small 
numbers.  Motella  is  the  most  strongly  represented,  with  thirty-three 
eggs.  The  total  number  of  eggs  is  one  hundred  and  forty-six.  Neither 
the  flounder  nor  the  solenette  are  got  in  August,  but  on  September  22nd, 
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at  Station  III.,  three  eggs  of  the  solenette  occur.  At  this  place,  eight 
eggs  of  the  poor-cod,  and  one  of  the  whiting,  also  appear.  The  gurnard, 
turbot,  dab,  dragonet,  and  weever,  are  present,  but  in  very  small  quan- 
tities. 

The  small  numbers,  together  with  the  occurrence  of  forms  not  found  in 
1895  in  the  earlier  part  of  August,  leads  one  to  the  conclusion  given 
above,  viz.,  that  for  almost,  if  not  all,  these  eggs  should  be  considered  as 
coming  from  fish  whose  spawning  time  had  been  delayed  owing  to  some 
cause. 

Post-Larval  and  Young  Fishes. 

These  are  greater  in  number,  variety,  and  interest,  than  the  eggs.  As 
in  former  years,  at  this  season,  the  most  common  forms  are  the  clupeoids 
and  gobies.  On  25th  August,  at  Station  VII.,  73  clupeoids  were  taken, 
and  33  gobies,  while  at  Station  YIII.,  ou  same  day,  52  gobies.  The 
clupeoids  vary  in  size  from  5  to  24  mm.  Two  sets  could  be  distinguished 
sometimes — the  one  ranging  from  5  to  12  mm.,  the  other  from  13  mm. 
onward.  Similarly,  the  gobies  could  be  divided  into  two  sets.  Pleuro- 
nectids  were  almost  as  common  as  the  two  forms  mentioned.  Of  these, 
the  lemon  dab  could  be  distinguished  by  its  markings  at  all  stages,  but 
there  were  other  pleuronectids  .that  could  not  be  detected  because  the 
markings  were  not  sufficiently  pronounced  to  enable  one  to  state  posi- 
tively. They  were  all  sinistral  pleuronectids — the  metamorphosis  taking 
place  from  left  to  right — and  may  have  been  plaice,  witch,  pole  dab,  or 
long  rough  dab.  The  gurnard  occurs  very  frequently,  and  varies  in  size 
from  5  to  10  mm.  One  might  have  expected  a  greater  variation,  seeing 
that  the  spawning  period  extends  over  several  months.  Callionymi,  rock- 
lings,  Montagu's  suckers,  and  sand-eels,  were  got  in  one  or  two  places,  as 
in  former  years. 

In  1894,  armed  bullheads  and  wee  vers  were  found  in  October,  but 
neither  of  these  appeared  amongst  last  year's  or  this  year's  forms.  Five 
young  Syngnathi  ad  were  recorded  for  1894  ;  this  year  only  one  occurred 
at  Station  IIL,  on  22nd  September,  and  none  were  got  last  year.  Cat- 
toids  are  seemingly  very  scarce.  This  year  only  2,  last  year  1,  and  in 
1894  only  4  are  recorded.  A  single  whiting  of  5*4  cm.  occurred  at 
Station  V.  this  year.  None  are  recorded  for  previous  years.  One  or  two 
rare  forms  occur.  OryetaUogohiua^  met  with  on  the  Clyde,  was  got  at  two 
stations — VL  and  IX.  This  form,  being  very  symmetrical  as  regards 
figure  and  markings,  is  easily  recognisable. .  The  pectoral  fins  stand  out 
well  from  the  body,  the  basis  of  attachment  being  narrow.  The  dorsal 
fin  is  continuous  along  the  back,  with  one  or  two  rows  of  light  brown 
pigment  specks  on  each  side.  The  body  is  narrowest  where  it  joins  on  to 
the  head,  and  there  thus  seems  to  be  a  neck  from  which  the  pectoral  fins 
stand  out  like  a  rufi^  when  viewed  from  above. 

Another  peculiar  form  occurs — Lepadogader  himaculatus — the  ^gs 
and  young  of  which  were  described  by  Professor  Mcintosh  in  Scottish 
Fishery  S)ard  Reports  for  1895.  Dr  M'Intosh  says  that  this  fish  is 
rather  more  characteristic  of  the  southern  and  western  than  the  eastern 
shores.  It  is  got  at  different  stages,  however,  in  St  Andrews  Bay,  its 
eggs  being  deposited  towards  the  end  of  June,  in  July,  and  August,  and 
the  young  forms  are  got  in  the  tow-nets  from  September  onwaxds.  In 
last  year's  Beport  it  is  mentioned  as  occurring  twice  in  Moray  Firth, 
and  this  year  it  occurs  six  times,  varying  in  size  from  7*5  to  9  mm.  Its 
flat  head,  prominent  eyes,  and  the  three  or  four  irregular  rows  of  brown 
pigment  splotches  along  the  body  distinguish  it  from  other  forms. 

Another  peculiar  form,  not  occurring  last  year  or  the  year  before,  is  the 
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gunnel — got  once  at  Station  VII.,  on  25rd  October.  This  form  occurred 
also  on  the  Clyde,  on  29th  October. 

All  the  post-larval  and  young  forms,  it  need  hardly  be  mentioned,  were 
got  from  the  bottom  net. 

In  concluding  these  notes,  I  have  to  thank  Professor  M'Intoeh  for  his 
kindly  advice  and  assistance. 

MORAY  FIRTH. 

Station  IV. — 24th  August  1896,  surface,  ijgga — Weever,  1 ;  dab,  4; 
megrim,  1. 

Station  V.— 24th  August,  surface.     Whiting,  6-4  cm. 

Statioit  V. — 24th  August,  bottom.  3  sand-eels,  20,  24,  and  25  mm. ; 
callton7jrmi8,  T  mm. ;  2  oottolds,  4  and  8  mm. ;  31  pleurouectids,  T  to  11 
mm.  (139). 

Station  VI.— 25th  Augtist,  surface.  E^— Weever^  3 ;  oodj  6 ;  dab, 
12;  motella,  1. 

Station  VI. — 25th  August  1896.     2  gurnards,  5  and  10  mm. 

Station  VI. — 25th  August  1896,  bottom.  21  pleuronectids,  6  to  11 
mm. ;  6  clupeoids,  8  to  12*5  mm. ;  6  gobies,  6  to  7  mm.,  and  one  1 1  mm. ; 
heads  of  2  Montagues  suckers ;  4  callionymt,  5  to  9  mm. ;  2  crystallo- 
gobies,  6  and  8  mm. ;  2  guruanls,  6  mm. 

Station  VII. — 25th  August,  surfaca  Eggs — Bib,  2  ;  cod,  4 ;  mo- 
tella, 14 ;  dragonet,  1  ;  tiirbot,  2  ;  gurnard,  11. 

Station  VIII. — 25lh  August  1896,  bottom.  73  clupeoids,  5  to  15 
mm. ;  83  gobies,  3*5  to  8  mm.;  8  gurnards,  5  to  8  mm. ;  9  Galltonymi, 
8  to  5  mm. ;  24  pleuronectids,  8  to  11  mm. ;  Lepadogttster  bimaeidatus, 
B  mm. 

Station  VIII.— 25th  August  1896,  surface.  Eggs— Cod,  2;  turbot, 
2 ;  megrim,  12  ;  poor-cod,  1 ;  motella^  1 ;  dragonet,  3. 

Station  VIII. — 25th  August  1896,  surface.  Gurnard,  10  mm. ;  sand- 
eel,  20  mm. ;  9  recklings,  4  to  10  mm. 

Station  VIII. — 25th  August  1896,  bottom.     Lemon  dab,  8  mm.; 

3  other  pleuronectids,  7,  8,  and  12  mm. ;  14  clupeoids,  7  to  19  mm.  (in- 
termediate connecting  stages) ;  52  gobies,  4  to  11  mm. ;  4  gurnards,  7*5 
to  8-5  mm. ;  9  Ccdlionymi,  4  to  8  mm. ;  4  post-larval  lemon  dabs,  5  to 
7  mm. ;  Lepadogaster  himactdatus,  7*5  mm. 

Station  IX. — 25th  August  1896,  surface.  Eggs — ^Cod,  1 ;  megrim, 
1 ;  gurnard,  4.  • 

Station  IX.— 25tti  August  1896.  2  sand-eels,  19  and  24  mm. ;  2 
rocklings,  4  and  6  mm. 

Station  IX. — 25th  August  1896,  bottom.  Sand-eel,  7  mm. ;  2  pleuro- 
nectids, 5  and  9  mm. ;  12  gobies,  7  to  11  mm. ;  3  gurnards,  5  to  7  mm. ; 

4  Montagu's  suckers,  3  mm.  (larval)  to  6  mm. ;  CryeitallogoHus^  5  mm. 
Station  I. — 26th  August  1896,  surface.     Eggs— Cod,  1 ;  poor-cod,  1 ; 

weever,  1 ;  megrim,  5. 

Station  I. — 26th  August,  bottom.  Pleuronectid,  4*5  mm. ;  4  gobies, 
5-5  to  12  mm. 

Station  X.— 26th  August  1896,  surface.  Eggs — Cod,  2  ;  megrim,  2 ; 
dab,  2 ;  turbot,  2 ;  motella^  11  ;  dragonet,  3  ;  gurnard,  4. 

Station  X.— 26th  August  1696,  bottom.  5  gurnard,  6  to  10  mm. ; 
4  gobies,  6  to  8*5  mm.  ;  8  C(dlionym%  4  mm. ;  9  clupeoids,  8  to  14*5 
mm.,  and  one  19  mm. ;  10  lemon  dabs,  4  to  13*5  mm. ;  9  other  pleuro- 
nectids, 6  to  13  mm. 

Station  II. — 2l8t  September  1896,  surface.  Clupeoid,  18  mm. ;  gur- 
nard, 4  mm. ;  4  gurnards,  10  to  11  mm. 
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Station  II.^— 21st  September  1896,  bottom.  6  gobies,  3  to  5  mm. ; 
5  gobies,  9  to  15  mm. ;  skulpin,  6  mm. ;  clupeoid,  10  ram. ;  pleuronectid, 
5  mm. ;  Lepadogaster  himaculatus^  7*5  mm. 

Station  III. — 22iid  September  1896,  surface.  Eggs — Whiting,  1 ; 
megrim,  3 ;  poor-cod,  8 ;  dab,  2 ;  motella,  6  5  solenetto,  3. 

Station  III. — 22ud  SeptemW  1896,  bottom.  Syngnathus  acus,  33 
mm.  J  38  gobies,  3  to  11*5  mm. ;  pleuronectids,  2  mm. ;  lemon  dab,  12 
mm. 

Station  XIII.— Uth  October  1896,  bottom.  Goby,  13-5  mm.; 
Lepadogasier  bimactdat'us,  10*5  mm. 

StATIoN  XL — 16th  October  1896,  bottom.     Goby,  9  5  mm. 

Station  XII. — loth  October  1896,  Lemon  dab,  16  mm. ;  L^^ado- 
gaster,  8  mto. 

Station  1.^— I6tb  October  1896,  surface.     Lemon  dab,  145  mm. 

Station  II.— 16th  October  1896,  bottom.  Goby,  10  tnm. ;  clupeoid, 
16  mm. 

Station  IV. — 23iti  October  1896,  bottom.     3  gobies,  8  to  4*5  mm. 

Station  V.— 23rd  October  1866,  bottom.  8  gobies,  4*6  to  16  mm. ; 
clupeoid,  14  mm. 

Station  VL— 23rd  October  1896.  4  gobies,  18  to  27*5  mm. ;  clu- 
peoid, 17  mm. 

Station  VII.— 23rd  October  1896,  bottom.     Gunnel,  20  mm. 

Station  VIIL— 24th  October,  bottom.     8  gobies,  18  to  38  mm. 

Station  IX. — 24th  October  1896.  Clupeoid,  24  mm. ;  lemon  dab,  15 
mm. ;  Lepadogaster  bimaculatus,  9  mm. 


FIRTH  OF  CLYDE. 
Station  III. — 29th  October,  bottom.     2  gunnel,  19  and  24  mm. 
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VIII.-^REI*0RT  ON  PHYSICAL  OBSERVATIONS  BEABING  ON 
THE  CIRCULATION  OF  THE  WATER  IN  LOCH  FYNE  IN 
APRIL  AND  SEPTEMBER  1896.  By  Hugh  Robert  Mill, 
D.Sc,  F.R.S.E. 

The  observations  published  in  this  report  were  carried  out  on  botrd 
the  Fishery  Board's  cruiser  *  (jarland  *  on  two  occasions,  the  first  from) 
April  2nd  to  6th,  and  the  second  from  September  3rd  to  1 1th,  1896^ 
with  the  object  of  farther  investigating  the  circulation  of  water  in  Loch 
Fyne  as  iufluenced  by  tide  and  wind. 

Remits  of  earlier  Observations. 

Before  describing  these  observations,  it  is  desirable  to  briefly  summarise 
the  results  of  earlier  observations  carried  out  by  me  for  the  Scottish  Marine 
Station  between  1886  and  1889,  which  are  fully  discussed  in  my  paper,  on 
the  Clyde  Sea  Area,*  published  by  the  Royal  Society  of  Edinburgh. 

Loch  Fyno,  from  the  constriction  at  Otter  Ferry  to  the  head,  is  a  branch 
of  the  Clyde  Sea  Area  running  on  the  whole  northeastward  for  26  miles, 
following  the  slight  curves  of  its  axis.  For  the  first  20  mil^  the  breadth 
varfea  between  |  and  1^  mile;  then  tapering  to  the  head.  The  total 
area  is  28^  square  miles,  and  it  receives  drainage  from  188^  square  miles 
of  land  on  which  the  average  annual  rainfall  is  estimated  to  be  70  inches. 
The  total  volume  of  Loch  Fyne  (as  above  defined)  at  low-water  is  050 
cubic  sea-miles  ;  and  since  the  average  tidal  rise  over  the  whole  surface  is 
about  8  feet,  there  is  an  average  increase  of  0*029  cubic  sea-mile  at  high- 
water.  The  average  depth  is  22^  fathoms,  and  the  depth  along  the  axis 
averages  40^  fathoms  at  low  tide. 

The  outline  of  Loch  Fyne  suggests  its  division  into  two  distinct  parts* 
which  are  found  to  correspond  with  the  conditions  of  depth  also.  From 
Otter  Spit  to  Minard  Narrows  is  a  distance  of  7^  miles,  and  this  section 
has  been  termed  the  Gortans  Basin.  The  depth  in  the  narrows  at  Otter 
is  only  15  fathoms,  at  Miuard  the  much  narrower  channels  are  scarcely 
deeper  (17  fathoms),  but  between  them  the  Gortans  Basin  sinks  to  a 
maximum  depth  of  about  35  fathoms,  with  a  depth  exceeding  30  fathoms 
for  3  miles.  Speaking  generally,  Gortans  Basin  is  a  shallow  and  relatively 
wide  hollow,  shut  ofl^  by  bars  from  the  deep  Arran  Basin  (frequently 
called  Lower  Loch  Fyne)  on  the  seaward  side,  and  from  the  Upp^r 
Basin  on  the  landward  side.  The  small  shallow  recess  of  Loch  Gair 
opens  on  the  north-west  shore  in  the  middle  of  Gortans  Basin.  The 
Upper  Basin,  although  narrower,  is  much  deeper.  The  depth  increases 
gently  from  Minard  for  3  miles,  until  off  Furnace  it  begins  to  increase 
abruptly,  reaching  a  maximum  of  75  fathoms  off  Strachur,  3  lailee 
further,  and  only  beginning  to  shallow  off  Strone  Point,  Inveraray,  where 
the  shallow  Loch  Shira  joins  Loch  Fyne.  The  depth  in  the  centre  of  the 
Upper  Basin  is  over  60  fathoms  for  nearly  6  miles.  This  is  the  region 
the  circulation  of  the  water  in  which  is  of  the  greatest  interest ;  and  in  the 
Upper  Basin   the   herring    fishing  is   sometimes   of  great  importance, 

♦  Trans.  Roy,  Soe.  Sdin.,  vol.  xxxvi.  Part  iii.  No.  23  (1892),  pp.  641,  708-707  ; 
aBd  vol.  zxxviit  Part  l  No.  1  (\9»i)  73*101. 
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although,  in  other  years,  few  herriag  are  to  be  found.  The  form  of  the 
laud  bordering  Loch  Fyne  has  greatly  restricted  its  drainage  area^  as 
considerable  rivers  run  parallel  to  the  loch  on  both  sides,  draining  the 
country  into  Loch  Crinan  and  Loch  Ridun  respectively ;  thus,  the  only 
streams  of  any  importance  enter  near  the  head  of  the  locn. 

The  tidal  current,  according  to  the  Admiralty  publications,  enters  Loch 
Fyne  at  Otter  at  the  rate  of  3J  knots,  passes  through  the  Gortans  Basin 
at  2  knots,  increasing  to  2J  at  MinarJ  Narrows,  but  then  slackening, 
uutil  off  Dunderawe,  near  the  head  of  the  loch,  it  is  reduced  to  1  t:not. 

From  the  earlier  observations,  it  was  shown  that  when  the  water  of 
Loch  Fyne  was  at  its  sal  test,  the  surface  density  increased  from  1*02420 
at  the  head  (Cuill)  to  1*02486  at  Otter,  which  was  almost  equal  to  that 
in  the  open  sea.  When  at  its  freshest,  the  surface  density  varied  from 
10114  at  the  head  to  1*02383  at  Otter,  the  density  in  the  open  sea  (off 
Cantyre)  at  the  time  being  1*02470.  This  considerable  range  of  saliuity 
seems  to  be  quite  superficial,  as  the  bottom  density  at  the  head  of  Loch 
Fyne  has  only  been  observed  to  vary  from  1*02359  to  1*02463  j;  at  Otter 
from  1  02451  to  1*02507  ;  and  in  the  open  sea  near  Cantyre  from 
102 469  to  1*02537.  For  purposes  of  comparison,  however,  it  is  more 
convenient  to  take,  as  a  standaril  of  salinity,  the  percentage  of  pure  sea- 
water  (i.«.,  of  water  with  a  density  of  1  '02600  at  60** F.),  at  eacu  station 
in  the  loch,  taking  the  average  fro  pa  surface  to  bottom.  At  the  entrance 
to  the  Clyde  Sea  Area  off  Cantyre,  this  percentage  was  found  practically 
invariable  as  97*6,  In  Lqch  Fyne  it  increased  from  88*3  at  the  head  to 
95*1  at  Otter,  i.e.,  on  the  average,  0*26  per  cent  of  sea-water  pqr  mile.  The 
extreme  range  observed  at  the  various  stations  in  Loch  Fyne,  witb  Skate 
Island  (off  Tarbert)  added  for  comparison,  was  as  follows  : — 


Cuill. 

Dunder-     Inver- 
awe.         aray. 

Strachur.  Furnace. 

! 

Gortans. 

Otter. 

Skato 
Island. 

Max. 
Min. 
Range 

94-2 
80*4 
13-8 

95*4 

87*7 

7*7 

95-0 

90-8 

4-2 

95*0 

90*8 

4*2 

95*1 

91*0 

3*5 

95-5 

92*0 

3*5 

96  0 

98*4 

2*6 

96*9 

94*2 

2*7 

These  observations  show  '  that  there  is  no  tendency  (or  the  accumula- 

*  tion  of  fresh  water  in  Loch  Fyne ;  the  average  saliuity  appeai-g  to  come  to 

*  a  maximum  in  June  and  July,  the  months  of  least  rainfall  and  most 

*  evaporation,  and  then  to  diminish  steadily  to  the  month  of  February,  at 

*  the  period  of  maximum  rainfall  and  minimum  evaporation.    Evaporation 

*  is  probably  the  most  potent  factor  in  carrying  away  any  excess  of  rainfall 

*  during  the  summer  months.     A  great  accession  of  fresh  waU:r  on  the 

*  surface  must  necessarily,  by  raising  the  level,  accelerate  the  ebb-tide,  and 

*  ao  run  off  an  excess  of  fresh  w^ter  with  considerable  rapidity.     On  the 

*  other  hand,  after  a  long  dry  spell,  the  tendency  of  evaporation  would 
^  be  to  lower  the  general  level,  and   so   accelerate   tlie  Aood-tide,  thus 

*  increasing  the  saliuity  from  without'  A  brief  discussion  of  the 
circulation  of  Loch  Fyne,  with  regard  to  salinity  observations,  showed 
that  the  tidal  effects  were  by  no  means  superficial,  but  extended  to  the 
bottom  in  the  Gortans  Basin,  although  no  evidence  could  be  found  of  a 
similar  effect  in  the  Upper  Basin. 

Observations  of  salinity  had  given  clear  indications  of  the  power  of 
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wind  to  produce  great  changes.  When  a  strong  down-loch  wind  had 
been  blowing  for  some  time,  water  of  high  salinity  was  always  found  at 
the  head  of  the  loch,  proving  upwelling  from  below ;  and  at  stations 
nearer  the  outlet,  the  surface  salinity  was  often  lowered.  These  effects 
were  much  more  clearly  brought  out  by  the  study  of  temperature  changes. 
During  the  years  1886-88,  twenty-three  series  of  observations  were  made 
along  Loch  Fyne,  which  allowed  of  as  many  sections  being  drawn,  show- 
ing  the  distribution  by  means  of  isotherms  on  a  vertical  plane.  The 
direction  of  these  isotherms  showed  conclusively  that  a  continuous  strong 
wind  up  or  down  the  loch  produced  a  definite  tilt  in  the  layers  of  water, 
and  the  farther  study  of  individual  teiJiperature  curves  made  it  apparent 
that  the  circulation  so  set  up  was  of  a  somewhat  complicated  kind.  It 
appeared,  however,  that  circulation  by  wind  was  a  phenomenon  which 
occurred  irregularly,  sometimes  giving  rise  to  great  disturbances  in  a  short 
time,  at  other  times  leaving  the  water  practically  unaffected  for  long 
periods.  As  the  observations  were  rarely  repeated  at  a  short  interval,  and 
as  it  was  impossible  to  make  them  at  given  phases  of  the  tide,  the  result 
was  incomplete  and  unsatisfactory,  requiring  further  observations  for 
confirmation. 

One  result  was,  however,  quite  clear.  In  the  North  Channel  and  on 
the  Plateau  at  the  entrance  of  the  Clyde  Sea  Area  the  tidal  currents 
mixed  the  water  so  completely  that  the  temperature  was  always  uniform 
from  surface  to  bottom  at  any  given  time,  or,  in  a  word,  homothermic ; 
while,  in  the  deep  water  of  the  Arran  Basin  beyond,  the  thermal  changes 
were  of  a  different  type,  indicative  of  a  much  restricted  vertical  circulation. 
The  bar  at  Otter  was  found  to  act  in  the  same  way  as  the  Plateau  at  the 
entrance  to  the  Area ;  and  in  t^e  deep  Upper  Basin  the  temperature  at  the 
bottom  was  found  to  change  very  slowly,  the  lowest  temperature  for  the 
year  being  found  in  summer  and  the  highest  in  winter,  the  seasons  being 
opposite  to  those  at  the  surface.  I  summed  up  the  temperature  observa- 
tions as  follows : — 

'  The  difference  between  the  thermal  changes  in  the  Arran  Ba^in  and 
'  Loch  Fyne  is  mainly  due  to  the  restricted  entrance  and  the  much  steeper 
'  slope  within  the  sill,  preventing  the  free  mixture  of  the  water  from  out- 
'  side,  and  also  to  the  low  salinity  of  the  surface  water  in  the  upper 

*  reaches.  The  resemblance  of  the  Channel  and  Plateau  to  the  Qortans 
'  Basin  is  very  strong.  The  upwelling  at  Otter  keeps  the  Gortans  Basin 
'  supplied  with  nearly  homothermic  water  of  much  greater  salinity  than  that 
'  found  at  the  same  depth  in  the  Upper  Basin ;  but  on  account  of  the  steep 

*  slope  beyond  Furnace  this  water  appears  to  spread  over  the  cold  layera  of 

*  Loch  Fyne  instead  of  following  the  ground  and  gradually  mixing  with  the 
'  mass  down  to  the  bottom.   There  is,  indeed,  a  certain  amount  of  mixture, 

*  as  is  proved  by  the  variations  in  the  salinity  of  the  deep  water.     How  far 

*  this  is  due  to  tidal  action  we  cannot  say.  Wind  is  certainly  a  more  power- 
'  ful  agent  for  setting  up  vertical  circulation  in  the  water  than  tide  is,  but 

*  a  steady  wind  in  one  direction  rarely  lasts  long  enough  to  produce  its  full 
^  effect.  The  tides,  on  the  other  hand,  act  continuously,  and  I  have  been 
'  led  to  modify  the  opinion  stated  in  Part  II.,  p.  706,  that  tidal  influence 
'  was  insignificant  as  leading  to  the  formation  of  deep  currents  in  the 
'  Upper  Basin.  I  do  not  find,  in  the  temperature  observations,  enough 
'  data  to  found  an  exact  theory  upon,  and  the  precise  share  of  steady 
'  tidal  action  and  spasmodic  wind-action  in  stirring  the  depths  of  the 

*  Upper  Basin  must  remain  for  the  present  undetermined/ 
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Trip  of  April  ^%^^, 

I  joined  the  *  Garland '  at  Gourock  on  April  2ud,  and  made  preliminary 
observations  that  day  in  Loch  Goil  and  the  Danoon  Basin,  remaining  for 
the  night  at  Brodick.  On  the  3rd  observations  were  made  off  Brodick, 
and  a  careful  temperature  cross-section  at  Skate  Island  through  the 
deepest  water  of  the  Clyde  Sea  Area.  The  '  Garland '  lay  for  the  night 
off  Otter  Ferry.  On  the  4th  a  complete  series  of  observations  was  made 
along  Loch  Fyne  at  Otter,  Gortans,  Minard  (i.e.,  at  the  entrance,  centre, 
and  outlet  of  the  shallow  Gortans  Basin),  and  at  Furnace,  Strachur,  Inver- 
aray, Dunderawe,  and  Cuill  in  the  deep  Upper  Basin  of  Loch  Fyne.  On 
the  6th  observations  were  re|)eated  at  Cuill,  Dunderawe,  a  cross-section  at 
Inveraray,  Strachur,  Furnace,  Minard,  Gortans,  Otter,  and  near  Kilfinan. 
That  evening  the  '  Garland '  reached  Rothesay,  and  next  morning  I  left 
at  Gourock. 

The  observations  included  temperature  at  close  intervals  from  surface 
to  bottom,  and  the  collection  of  samples  of  water  for  analysis.  The 
instruments  employed  were  those  belonging  to  the  Board,  including 
reversing  thermometers  and  slip-water  bottler.  The  samples  for  analysis 
were  collected  in  bottles  supplied  by  Mr  H.  N.  Dickson,  by  whom  they 
were  subsequently  examined  in  the  University  Laboratory,  Oxford.  The 
methods  of  observation,  and  the  stations  at  which  the  soundings  were 
made,  were  the  same  as  those  adopted  in  my  earlier  work  on  the  Clyde 
Sea  Area,  and  fully  described  in  the  Transactions  of  the  Royal  Society  of 
Edinlfurgh.  I  have  not  been  able  to  find  time  for  the  very  laborious  task 
of  completely  discussing  the  data  of  the  two  trips,  but  the  figures  cor- 
rected for  instrumental  errors  are  published  herewith,  except  the  hydro- 
meter-readings, which  have  not  yet  been  calculated.  This  omission  is  of 
no  practical  importance,  as  Mr  Dickson's  Sprengel-tube  determinations  of 
density  are  of  a  higher  degree  of  accuracy.  Without  fully  discussing  the 
data,  some  conclusions  may  be  stated  in  a  few  words. 

Temperature  Observations  in  ApHl  1896. — A  general  idea  of  the  con- 
dition of  temperature  in  the  whole  Clyde  Sea  Area  was  obtained.  It 
was  evident  that  the  water  was  nearly  at  its  annual  minimum  of  tempera- 
ture, and  consequently  nearly  homothermic,  the  small  range  of  temperature 
making  it  impossible  to  localise  movements  of  the  mass  of  the  water. 
The  data  are  all  given  in  Table  I.,  which  gives  particulars  of  twenty-four 
temperature  soundings. 

On  April  2nd,  in  the  deepest  part  of  Loch  Goil,  the  temperature  was 
found  to  diminish  from  45*''4  on  the  surface  to  44*''8  at  12  fathoms,  then 
increase  to  45°*8  at  21  fathoms  and  fall  again  to  45*''2  at  the  bottom.  In 
the  Dunoon  Basin,  outside,  the  temi>erature  fell  from  45'''2  on  the  surface 
to  44"*  3  at  15  fathoms,  and  then  remained  practically  constant  to  the 
bottom. 

On  April  3rd  a  scries  of  observations  was  made  in  the  Arran  Basin,  as 
a  jireliminary  to  work  in  Loch  Fyne.  The  water  was  very  nearly  homo- 
thermic,  with  an  average  temperature  of  44° *5.  Off  Brodick,  in  the  East 
Arran  Basin,  the  surface  temperature  was  45°  0,  falling  to  44° "0  at  10 
fathoms,  and  rising  again  to  44°'6  at  the  bottom  (55  fathoms).  This 
slight  intermediate  minimum  was  also  found  in  the  deep  water  (106 
fathoms),  off  Skate  Island,  where  the  surface  temperature  was  also  45° ; 
the  minimum  was  probably  44° '2  at  25  fathoms,  and  at  40  fathoms  a 
temperature  of  44° '7  was  found,  which  remained  constant  to  the  bottom. 
Observations  midway  between  the  deep  sounding  and  the  shore  on  each  side 
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showed  that  the  minimum  in  the  shallow  water  was  at  15  fathoms,  and 
that  the  water  on  the  west,  or  Tarbert  side,  was  slightly  warmer  than  that 
on  the  east  side,  bat  the  difference  was  scarcely  half  a  degree. 

Oa  thci  4th  and  on  the  6ih  a  complete  series  of  observations  was  taken 
at  intervals  of  about  5  miles  along  the  whole  length  of  Loch  Fyne ;  and 
it  was  found,  as  had  been  anticipated,  that  the  differences  in  temperature 
wer«  nol  sufficient  to  make  tidal  observations  of  any  certain  value.  The 
two  sections  may,  however,  be  compared.  The  average  temperature  of 
tha  whole  water  in  Loch  Fyne  was  close  to  45° '1  on  the  4th,  and  about 
45** '2,  or  rather  less,  on  the  6th,  showing  the  progress  of  seasonal  warm- 
ing. The  Grortans  Basin  was  filled  with  water  averaging  44*"  8.  This 
colder  water  seemed  to  project  like  a  double  wedge  into  the  warmer 
water  of  the  Upper  Basin,  one  tongue  of  the  wedge  forming  a  thin  layer 
traceable  right  up  to  Cuill  at  the  depth  of  about  7  fathoms,  the  other, 
a  thicker  layer,  traceable  to  luveraray  at  a  depth  of  about  25  fathoms. 
The  warm  layer  separating  the  two  tongues  was  traced  as  far  down  the 
loch  as  Furnace  in  17  fathoms,  but  the  differeuce  in  temperature  was  too 
alight  to  serve  as  a  test  of  the  movement  of  the  water. 

Chemical  Conditions  o/  the  Water. — Thirty  samples  of  water  were 
oolleoted  on  this  trip,  and  analysed  by  Mr  H.  N.  Dickson  in  the  Labora- 
tory of  the  University  of  Oxford,  who  has  furnished  Table  II.,  containing 
the  analyses  showing  density  determined  by  8prengel-tube  weighings, 
amount  of  chlorine  (x),  and  of  sulphuric  acid  (SO3),  as  well  as  the  ratios 
betweau  the  various  quantities. 

Tba  salinity  translated  into  percentages  of  pure  sea^water  for  the  whole 
depth,  at  each  station,  Ib  as  follows  ^— * 

CiuU,  Panderawe,  Inveraray,  Straclmr,  Fornaoei  Gortanq,  Otter,  Skate  Island. 
857  89-3  93-4  936  93*6  93-9       942  96*4 

The  formula  given  in  my  paper  on  the  salinity  of  the  Clyde  Sea  Area, 
for  the  calculation  of  the  average  salinity  from  bottom  and  surface 
observations,  is  erroneous.  The  above  figures  are  obtained  on  the  basis 
of  the  series  showing  three  intermediate  samples  at  Strachur,  the  bottom 
density  being  given  eight  times  as  much  weight  as  that  at  the  surface, 
exeept  in  the  shallow  water,  at  Ouill,  where  the  bottom  density  is  weighted 
only  tve  times. 

The  salinity  was  well  within  the  range  previously  observed,  and  not 
far  from  the  average. 

With  regard  to  the  composition  of  the  water,  the  ratio  of  sulphuric 
acid  to  chlorine  appears  almost  always  to  be  greater  at  the  bottom  than 
in  the  surface  water,  but  in  other  cases  the  contrary  holds  good.  The 
high  ratio  of  sulphuric  acid  in  Nos.  24  to  29  is  difficult  to  understand. 
If  the  figures  convey  any  physical  meaning,  it  would  appear  that  the  water 
at  Strachur  had  undergone  some  change  of  composition  between  the 
4th  and  6th  of  April.  It  certainly  seems  that  some  accident  had 
happened  to  the  samples  by  which  sulphates  had  been  introduced, 
especially  as  the  only  sample  showing  a  similarly  high  ratio  was  one 
eollected  about  a  week  later  from  the  surface  off  the  Mull  of  Cantyre. 

Tn/)  ofS^temher  1896. 

On  September  3rd  I  joined  the  *  Garland '  at  Inveraray,  and  left  on 
September  12'th  at  Gourock.  The  following  is  an  abstract  of  the  work 
done:— 

Beifpteimber  9rd. — Observations  at  Inveraray  and  Dunderawe,  and  tidal 
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ohflerffttiood  at  msixQt  off  CuiU  ftt  the  bead  ol  the  loch  for  aix  hours 
(Table  LEI.).    Keturned  to  Inyerway  at  uight 

S^fdember  4(&,«*-Oh8ervatioua  at  Inyerarayi  Straohur^  Furnace^  Minard, 
GortaQ%  Liooh  Gair,  Otter,  and  KilHaoD,  including  cross-sectiooa  at 
Inveraray,  Furnace,  and  Minard.  Returned  to  Inveraray  at  night  (see 
Table  VL), 

SepiemlMT  btK — Made  a  seriea  of  temperature  cross-sections  off  Furnace 
at  Li^h  tide,  half-ebb,  and  low-water  (see  Table  IV.).  Returned  to 
Inveraray  at  night 

September  6//4*— Sunday. 

September  lik, — Observations  at  Inveraray,  Strachur,  Furnace,  Minard, 
Gortan^  Otter,  Kilfinan,  and  Skate  Island  in  the  Anan  Basiu,  staying 
at  Millport  for  the  night  (see  Table  VI,). 

September  S/A.— Observations  at  anchor  off  Otter  Spit  for  nine  hours 
lay  for  the  night  in  Otter  Bay  (see  Table  V.). 

September  ^ih, — Obsei-vations  at  anchor  off  OUer  Spit  for  six  hours 
(sea  Table  V.),  then  observations  at  Gortans,  Furnace^  Strachur,  and 
Inveraray  (aee  Table  VI.)«     Stayed  at  Inveraray  for  night. 

September  lOtL — Observations  at  usual  stations  along  the  whole 
length  of  Loch  Fyne,  from  Cuill  to  Otter  (see  Table  VI.).  Staying  at 
Inveraray. 

September  Wih. — Observation  at  Furnace.  Spent  some  time  in 
looking  for  deep  sounding  off  Pennimore  Point  (marked  82  fathoms  in 
Admiralty  ChartX  but  could  not  hud  more  than  75^  fathoms  anywhere. 
Beturtied  to  Inveraray  at  night. 

Sefiiember  1SIA,*-Left  the  <Gai*land'  at  Gourook. 

QemrcU  Thermal  Couditum  in  September, — Thia  trip  resulted  in 
the  ae^umulation  of  a  considerable  amount  of  data,  which  confirms 
and  extends  the  eonclusions  arrived  at  from  my  earlier  work  on 
Loch  Fyne.  Table  VI.  gives  the  readings  of  49  temperature  soundings 
taken  to  determiue  general  distribution.  It  is  useful,  in  the  tiri>t  instance, 
as  seUliug  the  general  distribution  of  temperature  throughout  the  mass 
of  tha  water^  by  me:uu  of  a  longitudinal  and  several  cros»^ections  on 
two  oeeMiona  six  days  apart,  and  so  of  allowing  the  time-changes  of 
temperature  lo  be  closely  followed  at  the  period  of  the  annual  maximum. 
In  the  Arrtn  Basin  the  mass  of  the  water  had  a  temperature  varying 
from  about  55**  at  the  surface  to  50''  at  80  fathoms.  On  the  4th  the 
Gortans  Basin  was  tilled  with  nearly  homothermic  water  averaging  53*" '8 
in  temperature ;  but  inside  the  Minard  bar  the  Upper  Basin  was  filled 
with  Golder  water,  sinking  from  the  surface  warmth  to  50*"  at  25  fathoms, 
49°  at  30  fathoms,  and  46*''!  on  the  bottom  in  the  deepest  part  (75 
tathows).  This  coldness  of  the  deep  water  in  Loch  'Fyne  in  summer  is 
one  of  its  most  interesting  features,  and  is  always  found.  The  lowest 
temperature  at  the  bottom  of  the  great  hollow  of  the  Arran  Basin, 
off  Skat©  Island  (105  fathoms),  was  only  49''*6,  i.e.,  3°-6  higher  than  at 
the  bottom  of  Loch  Fyne.  The  water  on  the  broad  platform,  35  fathoms 
deep^  which  stretches  between  the  Minard  bar  and  the  sudden  dip  to  deep 
water  off  Furnace,  was  warmer  than  that  at  any  other  point  along  the  Upper 
Basin  ;  and  just  off  Furnace  the  warm  incoming  water  was  nearest  the 
eold  deep  layer,  and  the  temperature  gradient  was  steepest.  Thus,  water 
at  bT  W€t3  found  at  25  fathoms  near  Minard,  18  fathoms  at  Furnace, 
10  fathoms  at  Straehur,  8  fathoms  at  Inveraiay,  and  5  fathoms  at  Cuill, 
close  to  the  head  of  the  loch.  This  seaward  dip  of  the  isotherms  was  less 
marked  at  lowei  depths.  The  surface  of  the  loch  from  Gortans  to  Inver- 
aray wa«  covered  with  a  unifoimly  thick  laytf  of  waWi  2  fathoms  deep, 
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and  over  54**  in  temperature;  above  Inveraray  the  warm  layer  thinned 
away ;  below  Gortans  it  deepened  considerably. 

The  distribution  of  temperature  throughout  the  mass  on  September 
10th  was  substantially  the  same,  but  the  differences  were  of  considerable 
interest,  though  of  small  amount.  The  water  in  Gortans  Basin,  still 
almost  homothermic,  had  warmed  by  one  degree ;  the  surface  film  of  warm 
water  had  disappeared  from  the  Upper  Basin  ;  but,  on  the  other  hand,  the 
lower  layers  down  nearly  to  the  bottom  had  warmed  up  perceptibly.  On 
both  occasions  the  convergence  of  isotherms  from  above  and  below  at 
Furnace  on  the  vertical  section  was  well  marked,  as  indeed  it  was  usually 
found  to  be  in  the  earlier  observations.  This  seems  to  indicate  a  sort  of 
swing  or  surge  in  the  mass  of  the  water  at  this  point ;  and  one  of  the 
principal  objects  of  the  cruise  was  to  ascertain  whether  there  was  aay 
tidal  variation  in  the  temperature  near  the  bottom  off  Furnace.  These 
temperature  observations  lose  some  of  their  value  by  not  being  simul- 
taneous ;  thus,  instead  of  each  longitudinal  section  being  made  at  the  same 
tidal  phase,  that  of  September  4th  was  begun  at  tlie  head  of  Loch  Fyne 
at  high-water,  and  finished  off  Kilfinan  at  low-water,  passing  Furnace  at 
half-ebb.  That  of  the  10th  commenced  at  the  head  of  the  loch  about 
half-flood,  passed  Furnace  at  high-water,  and  concluded  at  Otter  about 
half-ebb.  These  differences  of  tidal  phase  had  no  great  effect  on  the 
arrangement  of  the  layers  of  water,  but  the  full  consideration  of  the 
observations  will  possibly  show  that  there  is  a  distinct,  though  gentle,  tidal 
vibration  throughout  the  mass.  The  wind  on  the  4th  was  easterly,  or,  in 
the  main,  blowing  down  the  loch,  and  usually  very  light  On  the  10th  the 
wind  was  south-westerly,  t.6.,  blowing,  on  the  whole,  up  the  loch,  and  very 
light.  On  the  9  th  an  easterly,  or,  in  the  main,  down-loch  breeze  had 
been  blowing  freshly  all  day,  rising  at  times  to  the  force  of  a  gale,  and 
this  may  have  been  instrumental  in  mixing  the  superficial  layers  of  water, 
as  found  on  the  10th. 

Tided  Observations  at  CuUL  —  These  observations  comprise  19 
temperature  soundings,  recorded  in  Table  III.,  and  taken  on  September 
3rd  in  mid-channel,  opposite  Cuill,  in  the  shallow  water  at  the  head  of 
Loch  Fyne,  just  on  the  edge  of  the  abrupt  descent  to  considerable 
depths.  Slightly  deeper  water  is  found  on  both  sides  of  the  point  of 
observation,  and  the  river  Fyne  enters  the  head  of  the  loch  about  a 
mile  distant  As  the  tide  ebbed,  the  wanner  and  fresher  water  from 
the  river  began  to  preponderate ;  and  as  the  tide  rose  again,  the  colder 
water  from  down  the  loch  mixed  from  below  with  the  river  water,  and 
drove  it  back,  restoring  the  same  conditions  as  prevailed  before.  The 
tidal  action  of  the  head  of  the  loch  is,  in  fact,  simply  that  of  an  estuary 
receiving  a  relatively  small  stream.  It  was  observed  that  the  water  did 
not  increase  in  depth  steadily  with  the  rising  tide,  but,  in  a  series  of 
pulses,  the  temperature  changes  corresponding.  The  weather  throughout 
this  series  of  observations  was  warm  and  overcast,  with  no  wind. 

Ttdal  ObseiiHitions  at  Otter. — Table  V.  gives  the  data  of  13  tempera 
ture  soundings  made  from  the  'Garland'  anchored  in  the  tideway,  off 
Otter  Beacon,  in  a  position  indicated  by  the  Beacon  on  with  Ballimore 
House,  and  two  unnamed  headlands  on  the  west  shore  in  line.  It  was 
rather  to  the  westward  of  the  deepest  part  of  the  channel,  and  the  depth 
was  between  16  and  17  fathoms.  Temperature  observations  were  made 
each  hour  at  the  sui-face,  and  at  1,  6,  11,  and  16  fathoms,  five  ther- 
mometers being  used,  so  that  all  the  temperature  observations  for  each 
sounding  were  exactly  simultaneous.  Samples  of  water  were  also  taken 
from  surface  and  bottom,  and  the  densities  observed  by  one  of  the 
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Fishery  Board  direct-reading  hydrometers.  The  readings  were  reduced 
to  a  constant  temperature  17*'5  C,  by  a  correction  obtained  by  direct 
observation,  so  as  to  be  useful  for  comparison,  inter  se,  lliese  densities, 
although  published,  are  not  su[»i>osed  to  have  any  absolute  value,  and 
should  not  be  compared  with  densities  taken  at  other  times  or  in  other 
places.  They  are  quite  trustworthy,  however,  as  showing  the  changes 
of  salinity  due  to  tidal  phase.  An  attempt  was  made  to  measure  the 
velocity  of  the  current  at  each  observation  by  timing  a  chip  floating 
alongside  between  measured  marks  on  the  gunwale.  This  was  successful 
only  while  it  was  calm ;  and  as  a  strong  breeze  was  blowing  most  of  the 
time,  the  vessel  did  not  swing  true  to  the  tide,  but  lay  nearly  across  it, 
thus  making  it  impossible  to  carry  out  the  experiments.  The  strength 
of  the  wind  also  deprived  the  observations  of  much  of  their  value  as 
indications  of  the  tidal  currents.  On  September  8th  observations  were 
begun  shortly  before  half-flood,  and  continued  to  the  following  low-water. 
They  thus  covered  half  a  flood  and  the  whole  ebb.  Before  high-water 
it  was  calm,  but  the  ebb  was  accelerated  by  a  fresh  easterly  breeze.  The 
strength  of  the  current  round  the  point  of  Otter  Spit  was  tremendous, 
two  men  being  unable  to  row  a  light  boat  against  it.  On  the  10th 
observations  were  commenced  at  low- water,  and  continued  ui^til  close  on 
high- water,  thus  covering  the  whole  flood-tide ;  but  the  tide  was  retarded 
by  an  easterly  wind  rising  to  a  gale,  which  made  it  difficult  to  read  the 
instruments  accurately  on  account  of  the  rolling  of  the  vessel  as  she  lay 
between  wind  and  sea. 

On  the  9th,  at  half-tide,  the  surface  temperature  was  55°*5,  while  that 
at  the  bottom  was  52**3.  As  flood-tide  proceeded,  the  surface  layers  grew 
cooler,  and  the  deeper  grew  warmer,  indicating  mixture  of  the  water, 
until  at  high-tide  the  surface  and  bottom  temperatures  were  54*''7  and 
53**  "4  respectively.  As  ebb-tide  set  in,  the  water  became  more  and  more 
nearly  homothermic,  until  at  low-tide  the  range  was  only  from  54'''3  to 
53**6.  The  study  of  the  flood-tide  next  morning  showed  the  first  rush  of 
homothermic  water  inwards  past  the  ship,  but  this  gradually  gave  place 
to  water  warmer  above  and  colder  below,  until  at  half-flood  the  surface 
temperature  was  54° '6,  and  that  at  the  bottom  52**3  ;  then  mixture  began 
to  occur,  and  the  last  two  hours  of  flood,  like  the  first  two,  consisted  of 
nearly  homothermic  water.  Remembering  that  a  temperature  of  52*'3 
was  only  found  outside  Otter  bar,  at  a  depth  of  30  fathoms,  it  is  demon- 
strated that  the  effect  of  flood  tide  is,  first,  to  drive  back  the  mixed  and 
therefore  homothermic  water  which  had  passed  out  of  Gortans  Basin  ou 
the  ebb,  and  then  to  draw  up  the  deep,  cool  layers,  from  the  Arran 
Basin,  which,  at  half-tide,  are  being  forced  into  Gortans  Basin  ;  but  soon 
the  upwelling  water  becomes  mixed,  and  the  last  two  hours  of  flood 
carry  in  freshly-mixed  water  coming  from  all  depths.  The  commence- 
ment of  the  indraught  of  deep  water  from  outside  seems  to  correspond 
with  the  covering  of  Otter  Spit  abouk  half  flood,  thereby  relieving  the 
rush  through  the  Narrows ;  the  subsequent  slacking  of  the  surface 
current  before  high- water  might  be  considered  to  relax  the  ui>ward  pull 
on  the  lower  layers,  and  so  admit  only  the  homothermic  surface  water. 
The  ebb  api>ears  to  consist  entirely  of  almost  homothermic  water,  as  is 
necessarily  the  case  when  we  consider  the  homothermic  character  of  the 
Gortans  Basin. 

The  range  of  salinity  being  much  less  than  that  of  temperature,  the 
density  observations  are  much  less  satisfactory  as  indexes  of  circulation ; 
but  their  indications,  as  seen  by  the  table  below,  point  in  the  same 
direction. 
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DennUea  of  Water  at  Otter,  8th  September  1806,  irs  8  ir« 


Hour,  . 

9.20 

10.16 

11.15 

12.16 

13.15 

14.15 

16.16 

1615 

17.15 

18.16 

Surface, 

10261 

1-0249 

1-0260 

1-0261 

10268 

1-0260 

1-0249 

1-0849 

1-0261 

1-0264 

Bottom, 

i-esft? 

l-0«6« 

l-et65 

i-fmi 

1-0M6 

i^>m 

l-MM 

l-tU6 

l'H66 

IfM 

Densities  as  above  on  9tb  September  1806. 


Hoar,     . 

«.20 

7.16 

8.16 

Bwfce,,       . 

1-OIM 

1-0865 

1-OIM 

Itottens.        . 

x^im 

1-0964 

l-iMs 

The  rates  of  current,  as  determined  by  means  of  bbe  floating  ichip  on 
the  8th,  were  as  follows ;  the  wind  made  such  observations  quite  valueless 
on  the  9th  : — 

Flood.  H.W.  Ebb.  LW. 

Hour,       .        .   9.20  10.15  11,16  12.16  13.30  14.20  15.16  16.16  17.15  18.15 
Miles  per  hour,       {||iil22        1i0 

TiiieU  OhservatioHS  at  Furnace. — Nine  obeervations  were  made  in  the 
middle  of  the  channel,  off  Furnace,  but  unfortunately  only  one  of  these 
was  fairly  representative  of  flood-tide  conditions.  The  others  all  dealt 
with  thd  ebb)  about  which  they  supply  considerable  information.  Six  of 
the  60undingS|  including  two  oross-eectionsi  are  recorded  in  Table  VI.  \  the 
other  three,  each  of  them  including  a  section  across  the  loch,  cure  given  in 
a  separate  table  (Table  IV.).  The  three  sections  were  made  at  high-water, 
half-ebb,  and  low-water  respectively,  llie  conditions  at  the  time  were  a 
uniform  thin  layer  of  warm  surface  water  (over  53°)  over  the  whole  Gortaos 
and  Upper  Basins,  a  homothermic  stratum  at  about  52''*5  filling  Gortane 
Basin  and  the  lower  end  of  the  Upper  Basin  below  Furnace  to  a  depth 
of  20  fadioms;  and  below  that  a  cold  mass  filling  the  deeper  part 
of  the  Upper  Basin.  The  efiect  of  the  ebb-tide  was  not  to  disturb  the 
upper  Warm  layer,  which  evidently  flowed  unchecked  into  the  Gortiws 
Basin ;  but  there  was  at  half-obb  a  very  marked  upwelUng  of  the  cold 
water  from  the  depths  of  the  Upper  Basin,  analogous  to  the  upweliing  of 
oool  water  from  the  Arran  basin  at  Otter  during  flood-tide.  ThuS|  the 
bottom  water  at  the  deepest  point  at  Furnaoe  was  V  colder  at  haU-ebb 
than  at  high-water,  showing  an  updraught  of  water  from  at  least  7 
fathoms  deeper.  The  possibility  of  this  eflect  being  produced  by  observ- 
ing in  different  positions  was  guarded  against  by  fixing  the  position  each . 
time  by  accurate  cross-bearings,  and  checking  by  the  depth.  By  low4ide 
the  deep  temperature  had  risen  half  a  d^ee,  probably  to  a  laige  extent 
by  mixture  of  the  water,  possibly  in  part  by  a  backward  swing  when  the 
outflowing  current  slackened.  The  study  of  the  cross-sections  amply  con- 
firmed these  conclusions  drawn  from  the  centoai  station  observations. 
They  show  that  at  any  given  depth  the  water  is  always  slightly  colder  at 
the  sides  than  in  the  c^tre  of  the  channel,  hut  that  the  invasion  of  colder 
water  in  the  greater  depths  daring  ebb-tide  takes  place  throttghottt  the 
whole  breadth  of  the  lo<4. 

It  would  be  extremely  desirable  to  repeat  and  extend  these  obaenratioias 
in  a  way  clearly  suggested  from  the  above  preliminary  discussion ;  but,  sq 
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far,  we  may  state  the  general  results  of  the  work  on  Loch  Fyne  in  1896  as 
follows : — 

The  flood-tide  brings  in  water  from  the  npper  and  deeper  layers  of  the 
Arran  Basin,  which  is  thoroughly  mixed  in  passing  Otter  Spit  before  high- 
water,  and  fills  the  Gortans  Basin  with  a  nearly  homothermic  mass,  which 
is  passed  on  through  Minard  Karrows  into  the  Upper  Basin,  where  it  does 
not  sink  through  the  cold  deep  water  in  summer,  but  only  mixes  with  the 
upper  layers  above  20  fathoms,  becoming  more  superflcisJ  in  its  effects  as 
the  tide  passes  upwards.  In  the  ebb  tibere  is,  at  the  upper  end  of  the 
loch,  only  a  superficial  movement,  but  at  the  platform  between  Furnace 
and  Minard,  the  rush  of  the  surface  current  into  the  Qortana  Basin  while 
it  is  strongest  at  half-ebb,  draws  up  the  deep  cold  layers  to  a  slight  ^feent, 
causing  a  slight  mixture  with  the  warmer  water.  The  homothermic  mass 
pours  out  into  the  Arran  Basin,  acting  on  the  ebb  probably  in  the  same 
way  as  at  Furnace  on  the  flood.  Thus,  there  is  always  in  progress  a  gentle 
mingling  of  the  deep  waters  of  the  two  deep  basins  through  the  vat&t^ 
mediate  shallow  basin.  The  rapid  surface  current  of  the  ebb  carries  out 
the  excess  of  fresh  water  from  the  Arran  Basin,  while  the  small  under- 
flow from  the  Arran  Basin  passes  in  water  of  higher  salinity  with  tlw» 
flood.  This  circulation  is  liable  to  be  accelerated  or  checked  by  the 
influence  of  wind. 

The  conclusions  thus  confirm  the  general  view  of  the  circulation  of 
Loch  Fyne  which  I  had  previously  put  forward  ;  but  farther  observations 
would  be  necessary  to  ascertain  the  exact  process  by  which  this  circula- 
tion is  efiected,  and  in  particular  to  determine  the  relative  parts  taken  by 
wind  and  tide. 
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TABLE  II. — Samples  of  Watbr  collkotkd  on  qoabd  gg.  *  Garland' 

Apbii,  1896. 


si 

Depth 

i 

Density 

Spren- 
gel. 

Or.  of 

Date. 

Hour. 

Position. 

of 
sample 
Fathoms 

H 

X 

SO, 
per 
gram. 

lOOSO, 

4S15-I 

4S16-I 
SO, 

X 

X 

1896. 

1 

2  Apr. 

11.40 

Dog    Rock,  Loch 
Long. 

0 

46-2 

1021-60 

16-02 

-00190 

11-86 

1-848 

11^ 

41 

44-2 

24-67 

18-27 

318 

11-92 

1-846 

11-29 

n 

18.10 

StQckheg,      Loch 
Goil. 

0 

464 

28-24 

17-$5 

206 

11-94 

1-889 

11-81 

40 

46-2 

24-40 

18-20 

217 

11-90 

1841 

11-26 

8  Apr. 

10.80 

2  mUea  off  Brodick. 

0 

460 

28-42 

17-47 

207 

11-88 

1-841 

11-88 

«« 

Ofl'SkateUlaSd. 

66 

44-4 

25-28 

18-66 

224 

11-98 

1-866 

11-81 

tt 

17.80 

0 

461 

24-61 

216 

11-86 

)  Oil'  Otter  Bwicon, 
i     Loch  Fyne. 

106 

44-4 

86  16 

18-67 

221 

1-86 

1-847 

11-86 

4  Apr. 

6.86 

J      0 

460 

28-64 

17-49 

208 

:i-87 

1-846 

11-84 

J, 

,, 

27 

44-4 

24-66 

18-40 

219 

1-89 

1-836 

11-28 

^^ 

7.0 

Off  Qortant,  Loch 

0 

46-6 

22-81 

17-18 

201 

1-74 
1-84 

1-882 

11-84 

,, 

f'45 

Fjme, 

29 

44-4 

24-74 

18-64 

220 

1834 

11-27 

Off  Mtnanl,  Loch 

t) 

460 

2218 

16-70 

197 

182 
174 

1-319 

11-21 

II 

Fyne. 

12 

46-8 

24  21 

18-26 

214 

1-826 

11-29 

8.10 

Off  Fomace,  Loch 
Fyne.       . 

0 

46-0 

21 -54 

16-28 

191 

1-77 

1327 

11-28 

II 

^^ 

44 

44-8 

24-66 

18-24 

216 

11-82 

1-847 

11^40 

11.46 

Off        Inrcraray, 
Loch  Fyne. 

J      <> 

46-7 

21-08 

16-86 

187 

11-© 

1-326 

11-21 

18 

II 

,, 

69 

46-0 

24-69 

18-89 

217 

11-81 

1-887 

11-88 

19 

12.66 

^  Off  Colli,  Head  of 

0 

48-2 

11-42 

8-88 

104 

11-76 

1-286 

10-94 

IW) 

II 

,, 

r      Loch  Fyne. 

"     17 

461 

24-48 

18-86 

216 

11-74 

1-884 

11-87 

SI 

18.60 

t  Off     Dnnderawe, 
f      Loch  Fyne. 

Between  Craiirans 
•      wd     Strachiir, 
Loch  Fyne. 

0 

47-9 

14-96 

1144 

136 

11-86 

1-308 

11-02 

22 

»i 

„ 

'      86 

46-6 

24-18 

1802 

218 

11-88 

1342 

11-86 

38 

,^ 

16.40 

\        « 

46-0 

22-05 

16-61 

196 

11-81 
1206 

1-327 

11-24 

24 

" 

M 

1      '' 

46-2 

24-68 

18-48 

292 

1-889 

1110 

26 

6  Apr. 

10.60 

,,                „ 

0 

47-0 

21-62 

16-06 

194 

12-06 

1-840 

11-10 

26 

i« 

,, 

,,                ,, 

6 

460 

23-79 

17-91 

217 

1211 

1-828 

10-97 

27 

ti 

„ 

11                11 

26 

46-2 

24-48 

18-26 

221 

12  12 

1-841 

11-06 

28 

M 

„ 

7i 

46-2 

24-69 

18-41 

228 

12-U 
12-01 

1-841 

11-08 

2» 

- 

Off  Mull  of  Cantyre 

0 

- 

26-17 

18^84 

226 

1-836 

11-12 

8U 

•• 

~ 

11                11 

Bottom 

"" 

26-74 

1914 

227 

11-86 

1-844 

11-88 

TABLE  III. — Observations  Off  Cuill,  on  Bank  in  Crntrb  op 
Channel,  3rd  September  1896. 


Hour. 

10.16 

11.0 

11.46 

12.16 

12.46    18.80 

14.16 

14.46 

16.16 

16.46    16.20  j  17.10 

Peptti- 

62-9 

62-6 

64-8 

66-4 

66-8 

641 

68-9 

68-0 

62-8 

62-7 

62-8 

JIS 

, 

69'8 

, 

, 

68-2 

64-6 

581 

62-6 

62*2 

8    „ 

62-4 

, 

. 

1 

, 

62-9 

1 

, 

62-6 

62-7 

62-8 

62-6 

t 

62-2 

, 

, 

, 

52-5 

52-2 

, 

, 

. 

, 

, 

, 

62-8 

62-4 

1 

• 

• 

• 

• 

. 

. 

62-6 

Depth  of  water. 

9  ft. 

Hit. 

7(». 

Oft. 

7  ft 

7ift. 

8f|. 

9  k 

oH. 

9  ft. 

lo'ft. 

OpOBS-SEOnON   THROUGH  ABOVE  POSITION  (E)  FROM  CaIRNDOW  (A)  TO 

CuiLL  SlDS   (H). 


A. 

B. 

C. 

D. 

£. 

F. 

G. 

H. 

(Shore.) 

• 

(Shore.) 

Hour. 

16.0 

16.6 

16.10 

16.16 

16.90 

16.80 

16.88 

16-46 

Depths 

ObserrtUohs '  af 

66-7 

66-4 

68-0 

62-6 

62-7   ' 

58-5 

62-6 

62-6 

•tationslncroM- 

2  ft 

63-0 

62-6 

section  at  equal 

68  0 

diitanees      be- 

52-4 

ween  the  Calm- 

* 

62-8 

dow  vid  Cuill 

10 

62-8 

62-8 

Bidea. 

99 

Depth. 

4J*ft. 

6j'ft. 

62-0 
24  ft 

9k 

n 

lift 

Digitized  by 


Google 


iffthe  FiilKery  Board  for  8eotlani. 


275 


i"  5 


S    8  S 


9     f 

8  a 


i 


I 


•ft       14 


«0       00 


^  S   .  fi 


S    ta 


r*    9 
3    3 


^ 


M 


1^' 


fi4 


00 

I 


o 

Q 

H 


i 
1  = 


00 


S      2 


«       O 


s 


5;   2 


9     "P 
9     S 


9 


1^ 


i 


2*^    i    S    5 


%    3 


9     9 


i^  ■ 


9 

s 


3    5 


5    cS 


!  §  .  s 


ii 


s 


l<  3. 


III! 


€   i 


s  :3  s  s  s  3  ^ 


1 

8 


•I 

I 

5^ 


I! 

5s 


EC 
bis 


18 
ll 


Digitized  by 


Google 


276 


Part  HI. — Fifteenth  Anmud  Report 


a 

I 


5 

I 


i 

H 

H 


I 

o 

i 


o 

i 


? 

> 

^ 


lis: 

•C^     9     9»     9>     IP     9 

1^  8  3  s  e  3 

.115  2 

op        ^        .H        9        ^ 

S    3    S    3    3 

|ii: 

•   II  III 

112  5 

V     ^-    9     •     •>• 
*      3    3    3    8    S 

In: 

9     9     •?     f     ?« 

•      S    3    3   S    S 

lias 

f     ?•     9     <-     9 

'      3    3    3    S    3 

Ins 

l|  S  S  1  S  1 

|i  i  • 

ll  u  §  §  1 

^i: 

9     9     »•     <•     ^• 

*      3    3    3    3    3 

Ul'^ 

*•     9     9     •-•     9 

'      3    3    3    3    3 

Ills 

<•     9     9     9     *• 

*      3    3    3    3    3 

ti  1  2 

•   1  1  1  1  I 

pis 

•   II  1  1  i 

li  2  S 

||  S  5  1  1  1 

iii' 

9    9    ?*    9    r" 
*      3    3    3    3    3 

mi 

9     9     9     9     9 

*      3    3    3    3    3 

^M 

9     9     9     9     9 

.      3    3    3    3    3 

1 11 

1     |o     ^     «     5     • 

Digitized  by 


Google 


of  the  Fishery  Board  for  Scotland. 


277 


.2.2      .• 


9    ?•    T* 

S  3  S 

S  £  2 


•H.O  , 


■s  i  -E 
•^  S  i 


lO     ^     -itt  I* 

S  S  3    .  S 

SeS'     § 


f  s 


•?  9  t- 

3  S  S 

^  ^  ^ 

a  ca 


9  9^ 
e«   o«   ^ 

•O    lO     lO 


•2  '^'Z 


S-" 


M^  <e   ^•   ^   lo 

3  S  3  S  :S 


9  r" 

9  9 


9* 

3 

n 


I?. 


*P    9    7* 
e«   M  9* 

•O     lO     MS 


2  •'n  '^^ 


•^  e  I 


«7<  <p  ^  OD  ^ 
3P  04  9*  (^  ^ 
M»      lO     Ua     M»      M» 


»  t*  <0  <D  W 


-..s  - 


"S.  d 


s  «  -s 


Is       •  *>• 
Si         3 


2.2 .« 
|2-« 


^  !  E bt|  s 


3    •  58    •  5J 


r  9.r  ?>.9 

M     f     «H     iH     0» 

•O    lO    to    to    <« 


«  • 


T  2  -  ^  J  5 1         3 


,.    ,9999 
'3833 


9  9 

$  9 


9  r« 

;;  3 


9  9   9 

3  3  3. 


5  8 


■sS  Ja 


«  J  .1' 


I 


3 


9«  9  9  r«  9 

3  3333 


9 

9 


2      8       g 


3  ^  M 


.9. 

3 


e«  f».  «  io  ^ 

3  3  3  3  3 


9  ^ 

3  !? 


|M 


3*  ^ 


r 
3 


9  •p.r'. 

e«  (H   ^4 
5   to   to 


9   9   9  9 

,3.3  3.3 


5  n  I 


gal 


a 

r 


"^•^ssssss^^ssssssssssis 


Digitized  by 


Google 


$78  Part  IIL—tyUmth  Aiumd  lUfvrt 


S        §3".     ■Sill*           ^f^'^'^^-'t.t.t.l 
W       S  g"     " < 


OQ 

§ 


P 
H 


III 

T"  ^       y  ^  •:• 
3  3       S  S  3 

•  g    •  g| J    •    • 

a* 

o         fo   ^    p   »    e»    t:- 

9 

X    •  S  »  3  S  S  S&    ■ 

!? 

9  Sept.1896 
14.50 

lis 

00    IP           »    r-    ^ 

g  S       S  2  2    . 

•    '  S     £22 

• 

9  Sept.1896 
14.0 

111 

^   ^         fc   ^  eft   © 

S  S    .  S  2  S  S    .    . 

2     Sgs  g 

• 

i  ^  11 

S  S  S  S  S    .233 

3 

« 

«9 

S3 

P5 

|i4 

^              «         «         9» 

5    •    -S    -3    ••§    • 

•9 

3 

r*        9        r 
•  3    •  3    •  3 

•$|-|- 

7  8ept.l896 
1J.47 
S.E.1 

9       f  ^       ^       «?» 
S    •  S  3    -S    -2    • 

3 

•  S    '  3    •    • 

1- 

Hi 

^            <»    «?    «    T-    ^ 

3       3  3  3  S  2 

s^s   g 

«      •  d      ■*      ^ 
3       3  3       3       2 

• 

•     >••••• 

TS«pt.l8M 
IMS 

3    .  S  2  2    .  S    .    . 

£E|    1 

332226    .S9 

• 

5 

f 

1* 

.ill . 

5e| 

9  »  <?>  <?  ^  r*        c^ 
3  3  2  2  3  3    .5    . 

.i.i  J 

111 

■III 

0          »    0    «    c«          « 

3.3383.3. 

9" 

8 

f»        r*        Tf 

.e  .8  .5 
III 

■III 

9>               9         «         T 

3    •    -3    -^    -8    • 

■• 

•     ••»•*• 

•  J"  ^  ^ 

-5 

M    op     M     ^ 

2  3  3  S    .    .    .    ., 

'   3SS'   ■       •     ' 

4  Sept.1896 
14.50 

• 

^11 

9          9»          T*          r          . 

^      -2    •«      -K    •    • 

•     •     • 

III 

iii 

|*«-»S3  8«8«$5|l8«ti|g 

s  t  is  S  8  §  g 

3 


2 
i2 


Digitized  by 


Google 


o^tKe  IHihery  Board  for  Scottand, 


27d 


? 


13      s 


I  t 

is  "" 


S!   _£ 


P 

3 


11  Sept 
1896 

16.20 

S.E.  2 

1  hr.  ebb 

5   1 

<?>   ^   »         t-   .0   <j*         a» 

S2S.S^$.5; 

£    g    i    S 

10  Sept. 
1896 

17.80 

S.W.  1 

4  hn.  ebb 

«  s 

9 

3 

r^  9        9P        «>        9 

s  3  •  g  '  5  '  » 

10  Sept. 
1896 

16.5 

S.W.  1 

SJhn.ebb 

8  ° 

1 

«     ^     -H              C> 

.  S  S  S      8 

.£Sg    1 

1^ 

Si 

«    0 

3 

«        9       r- 

^1' 

p 
3 

^           «           T* 

3    .  S    .  S    .    .    .                 ... 

£    g    5 

2      '^        .a 

11^ 

ttt 

32S 

s-g  »  •^  -s 
2i  ^  "  5' 

ii. 

5£ 

.3 

^  T^  T«  2  9  S     £ 

g      S      S 

|«l:S 

OB       ® 

2  C 

^ 

S 

••   9   « 

§ss 

o-H  a  oa  a 

If 

2 

«•         ►•f>999         9         ^         ^ 

1^ 
6 

-S"  •?  9  « 

S2SS 

III 

S|3 

00 

«p    0            CO                   9            ^            <p            7* 

1      1     1      1 

8  1" 

CO              M              « 

•SS'5 

Sl  s*  «5 1 

«5  P 

9  ^  ^  9  «  «  9 

iiiii^ 

u 

l5 

^2 

a  •« 1    . 

eg 

f  i  3  ^  s 

0 
^ 

9 
•  2 

^»  «  «  « 

9   9        9         «        n-         r        r' 

CO 

11 

.  CO 

9         •?         T*         ^         9         <?'         T- 

1        ... 

II  I 

'«S2SSS»99S3SSS 

Digitized  by 


Google 


280  Part  IlL^^Fifteentk  Annual  Report 


IX.— REPORT  ON  PHYSICAL  INVESTIGATIONS  CARRIED 
OUT  ON  BOARD  H.M.S.  'RESEARCH/  DURING  AUGUST 
1896.    By  H.  N.  Dickson,  F.RS.E,  F.ILG.S. 

The  observations  made  in  the  Faeroe-Shetland  Channel  by  the  officers 
of  H.M.S. '  Research/  during  Augost  1896,  were  undertaken  with  Uie  view 
of  forming  part  of  the  continued  physical  survey  of  the  North  Sea  and  the 
North  Atlantic,  instituted  as  an  international  scheme  in  1893.  The  im- 
portant share  taken  by  the  Fishery  Board  for  Scotland  in  the  first  year's 
work  materially  assisted  in  showing  the  value  of  the  results  to  be  obtained 
from  further  and  more  extended  observations,  as  well  as  the  general 
accuracy  of  the  methods  suggested  by  Professor  Pettersson,  and  adopted  by 
his  colleagues,  in  conducting  the  investigation.  Since  the  publication  of 
my  paper  in  Uie  twelfth  Report  of  the  Fishery  Board,  the  work  of  making 
and  collecting  observations  has  been  continued  as  circumstances  per- 
mitted. The  directors  of  the  Swedish  and  Norwegian  work  have  been 
specially  active  in  the  direction  of  research  carried  on  by  vessels  detailed 
for  the  purpose,  while  I  have  availed  myself  of  opportunities  offered  by  a 
large  number  of  observers  to  collect  observations  of  surface  temperature, 
and  samples  of  surface  water,  from  all  parts  of  the  Atlantic  north  of  40*" 
N.  lat.  Papers  have  been  published  from  time  to  time  reporting  on  the 
progress  of  the  work,*  and  it  may  be  said  that  the  discussion  of  the 
complex  relations  existing  between  the  physical  conditions  in  the  sea 
area  investigated,  and  the  meteorology,  or  raUier  climatolo^,  of  Western 
Europe,  has  passed  its  preliminary  stages,  and  has  brought  with  it 
important  information,  bearing  not  only  on  fishery  questions,  but  on  the 
seasonal  forecasting  of  the  weather. 

While  the  observations  made  at  the  surface  and  below  it  in  the  North 
Sea  and  its  branches,  when  taken  along  with  numerous  surface  observa- 
tions in  Uie  Atlantic,  seem  to  give  a  fairly  adequate  general  view  of  the 
physical  changes  occurring  from  season  to  season,  the  work  of  the 
'  Jackal '  in  1893  and  1894  showed  clearly  that  the  information  gained 
about  these  two  areas  cannot  be  accurately  combined  unless  we  have  a 
detailed  knowledge  of  the  process  of  mixture  of  waters  taking  place  in 
the  transitional  r^on  over  the  Wyville  Thomson  Ridge,  and  round  the 
western  and  northern  border  of  the  Continental  shelf.  The  excellent 
work  done  by  H.M.S.  '  Research '  during  last  summer  is  accordingly  a 
contribution  of  tlie  greatest  value,  not  only  in  itself,  but  as  a  factor  which 
immensely  increases  the  importance  of  the  simultaneous  observations 
made  elsewhere.  It  is  a  matter  of  regret  that  the  date  of  publication  of 
this  report  makes  it  impossible  to  compare  the  observations  of  the 
'  Research '  fully  with  those  obtainable  from  other  sources,  as  there  has 
not  been  sufficient  time  to  collect  and  properly  arrange  all  the  material ; 
but  the  work  shows  for  itself  the  extreme  interest  of  the  changes  con- 
stantly taking  place  in  the  Faeroe-Shetland  Channel,  and  bears  sufficient 
testimony  to  the  enthusiasm  and  skill  of  the  officers  under  whose  direction 
it  was  carried  out 

*  See  Dr  J.  EUort,  Studies  of  the  Norwegian  Fisheries  ;  H.  N.  Dickson,  '  Movements 
of  the  Surface  Waters  of  the  North  SeA,*  OeographiealJourTial,  March  IS96  ;  Prof. 
Otto  Pettersson,  Ueb«r  die  Beziehnngen  zwischen  hydrographischen  nnd  meteoro- 
logischen  Phanomenen     Meteorologisehe  Zeitschr\ft,  Angost  1896. 
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Stations. 

Observations  were  made  at  ten  stations.  The  positions  of  these  are 
given  at  the  head  of  Table  I.,  and  are  further  described  as  follows : — 

Station  I.,  now  station. 

„  II.,  same  position  as  'Jackal*  II.* 

III.,  „  „     'Jackal'  XII [.♦ 

„    .       IV.,  „  „     'Knight  Errant,'  No.  33. t 

„        IVa.,  2  to  3  miles  south  (true)  of  Station  IV. 
„  v.,  same  position  as  'Jackal'  XIV.* 

VI.,  „  „     'Jackal'  XVII.* 

„        VI L,  '  North  of  VVyville  Thomson  Ri(lg.\' 
„       VIII.,  same  position  as  'Knight  Errant,' No.  28t. 
„  IX.,  '  South  of  Wyville  Thomson  Ridge.' 

In  addition  to  the  information  included  in  Table  I.,  there  are  the 
following  notes : — 

Station  I.,  at  10  a.m.  and  11  a.m.     Current,  K  by  N.,  |  N.  i  knot. 

Station  II.,  at  6  p.m.  and  7  p.m.     No  current 

Station  III.,  10  a.m.,  2.30  p.m,  4  p.m.,  and  5  p.m.     No  current. 

Station  IV.,  Aug.  1,  10.30  a.m.  No  current.  Aug.  2,  11.30  a.m., 
current,  S.E.  2\  knots,  8  p.m.,  SiE.  1  knot.  Aug.  3,  11  a.m.  and  2 
P.M.,  no  current.  Station  IVa.  is  due  to  the  drifting  of  the  vessel 
southward,  bringing  it  close  up  to  the  Wyville  Thomson  Ridge. 

SUtion  v.,  at  10.30  a.m.  and  3.30  p.m.,  current,  E.N.E.  J  knot. 

Station  VL,  at  10.30  a.m,,  current,  S.E.  by  S.  \  knot 

Station  VII.,  at  10  A.M.,  current,  E.  by  S.,  J  S.  1  knot 

Methods  op  Observation. 

The  methods  of  observation,  in  so  far  as  the  work  at  sea  was  concerned, 
were  to  all  intents  and  purposes  the  same  as  those  employed  on  the 
'Jackal'  in  1893-94,  and  it  is  therefore  unnecessary  to  again  describe 
them  in  detail.  Temperature  observations  were  made  with  Negretti  and 
Zambra's  reversing  thermometers,  and  a  copy  of  the  records  of  the  actual 
readings  was  supplied  to  me  with  the  corrected  readings  appended, 
llie  corrections  were  obtained  from  Kew  certificates,  and  Uie  work  has 
been  carefully  revised.  Table  I.  gives  the  corrected  temperatures  (T^) 
at  the  depths  (d.)  in  degrees  Fahrenheit,  and  where  duplicate  observa- 
tions were  made  these  are  added  in  a  second  column  (T^).  As  before, 
the  temperatures  of  Table  L  were  reduced  to  the  Centigrade  scale  and 
plotted.  Table  II.  gives  the  temperatures  at  uniform  depths  obtained 
from  the  curves ;  the  depths  are  here  given  in  metres  as  well  as  fathoms. 
It  may  be  remarked  that  the  observations,  as  a  rule,  give  fairly  good 
curves.  Station  III.  suggests  a  possible  alternative  curve  between  40 
and  120  fathoms,  giving  temperatures  about  0***5  C.  higher  than  the  one 
adopted.  Station  IVa.  should  perhaps  hardly  be  treated  as  a  curve  at 
all,  as  the  vessel  was  apparently  drifting  southward,  and  the  temperature 
exhibits  very  rapid  changes  close  to  the  Wyville  Thomson  Kidge,  which 
would  form  an  extremely  interesting  study  in  the  unlikely  event  of  being 
on  the  spot  on  a  day  sufficiently  calm  and  clear  to  make  observations  of  the 
required  accuracy  possible.  The  observations  indicate  a  distinct  '  under- 
curl '  of  the  warm  water  as  it  passes  over  the  edge  of  the  ridge. 

*  Twelfth  JReport  qfthe  Fishery  Board  for  Scotland,  Pt  III.,  p.  864  et  9eq, 
+  Proc  K.S.S.y  vol.  xi.,  p.  660. 
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A  few  extra  observations  of  surface  temperature  were  jnade,  and  will 
be  found  under  water  samples  20  to  23,  44  to  48,  69  and  70,  86  to  90, 
111  to  115,  139  to  143,  148, 164  to  169,  and  174  and  175  of  Table  III. 

Mill^s  water  bottle  was  again  used  for  the  collection  of  samples,  and  it 
seems  again  necessary  to  emphasize  the  fact  that  this  instrument, 
although  extremely  useful  in  smooth  water,  was  not  intended  by  its 
inventor  to  be  subjected  to  the  conditions  under  which  the  observer  must, 
unfortunately,  almost  always  work  in  these  seas.  Some  of  the  samples 
brought  home  by  the  'Research'  have  obviously  been  collected  at  a 
much  less  depth  than  was  intended,  through  the  accidental  closing  of  the 
bottle ;  these  samples  I  have  marked  with  an  asterisk  in  Table  III.,  but  I 
must  confess  to  doubts  about  a  considerable  number  of  the  others. 
Fortunately,  the  number  of  samples  collected  at  each  sounding  was  so 
great  as  to  remove  any  serious  uncertainty  about  the  real  salinities, 
but  with  another  type  of  water  bottle  a  much  smaller  number  of  samples 
would  have  amply  sufficed. 

The  samples  were  examined  in  the  Chemical  Laboratory  at  the 
Museum,  Oxford,  partly  by  myself  and  partly  by  Mr  H.  E.  W.  Phillips, 
to  whom  I  wish  to  express  my  indebtedness,  but  wholly  under  my  direct 
supervision.  They  were  sent  to  mo  in  bottles  containing  about  4  oz. 
each  ;  all  the  important  samples  beiug  supplied  at  least  in  duplicate.  In 
the  case  of  the  latter,  two  bottles  of  the  same  water  were  always  examined 
as  separate  ^mples,  but  no  noticeable  differences  were  observed. 

The  examination  was  restricted  in  the  first  place  to  determinations  of 
salinity  by  chlorine  estimations,  controlled  by  density  determinations 
with  Sprengel  tubes.  Chlorine  estimations  were  made  by  the  ordinary 
chromate  method,  using  silver  nitrate  solution  of  strength  about  \ 
normal.  A  Geissler's  10  c.c.  pipette,  with  fiducial  mark  above  and  below 
the  bulb,  stopcock,  and  very  fine  point,  was  used  for  measuring  out  the 
sea  water  to  be  titrated.  This  pipette  was  calibrated  by  repeated 
weighings  of  its  content  of  distilled  water  at  temperatures  from  0°  C.  to 
25*  C,  which  showed  no  variation  exceeding  2  milligrammes,  and  the 
factor  for  reducing  its  volume  to  exactly  10  c.c.  was  accordingly  treated  as 
constants  The  titration  was  performed  by  means  of  a  Geissler  burette, 
with  float,  reading  easily  to  O'Ol  c.c.  These  instruments  have  been 
used  in  estimating  the  chlorines  of  tht)  surface  samples  from  the  North 
Atlantic  referred  to  above  (now  numbering  nearly  3000),  and  it  has  been 
found  unnecessary  to  make  the  determinations  in  duplicate,  as  the  burette 
readings  rarely  differ  by  as  much  as  0*03  c.c.  About  half  of  the  samples 
from  the  'Research'  were  nevertheless  titrated  twice,  usually  with 
different  silver  solutions.  In  dealing  with  the  surface  samples  from  the 
Atlantic  I  hope  elsewhere  to  discuss  fully  the  errors  of  salinity  determina- 
tions based  on  this  method,  which  I  believe  to  be  chiefly  due  to  the 
different  appearance  of  the  end  reaction  with  sea  water,  and  with  the  pure 
sodium  or  potassium  chloride  solutions  employed  in  ascertaining  the 
strength  of  ttie  silver  solutions.  A  personal  equation  of  some  magnitude 
is  thus  introduced^  which  experience  has  shown  to  vary  in  amount  from 
time  to  time  in  the  same  observer,  rendering  control  by  some  indepen- 
dent method,  such  as  the  Sprengel  tube  determinations,  essential. 

The  ascertained  values  of  [x],  the  chlorine  per  litre,  have  been  con- 
verted to  Xt  ^^^  chlorine  per  kilogramme,  and  are  given  in  column  6  of 
Table  III.  Column  7  gives  the  salinity  p  as  calculated  from  x  by  means  of 
Table  XI.  appended  to  my  report  on  the  *  Jackal*  work.  Column  8 
gives  the  densities  at  15**  C.  (48^5.)  ascertained  by  Sprengel  tube,  and 
column  9  the  salinities  calculated  from  them  by  Table  XII.  of  the 
'  Jackal '  ifeport.      I  may  st^te  here,  pending  full  discussion  elsewhere, 
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that  the  results  of  examination  of  3000  samples  give  full  confidence  in 
the  correcbieas  of  these  tables,  hased  on  Prof.  Pettersson^s  data^  for  all 
waters  likely  to  he  met  with  in  the  North  Atlantic.  The  differences 
of  salinity  given  in  column  10  of  Table  III.,  correspondina  in 
magnitude^  to  those  obtained  by  most  other  observers,  have  apparently  no 
chemical  significance,  and  must  be  taken  as  expressing  the  accumulated 
errors  in  collecting  the  samples,  storing  them,  and  making  the  two 
determinations.  They  are,  in  any  case,  well  within  the  point  of  attaining 
any  geographical  meaning. 

Column  11  of  Table  III.  gives  the  densities  at  15"  C.  calculated  by 
working  backwards  from  column  9  with  Table  XII.  of  the  'Jackal' 
report)  and  from  column  1 1  the  specific  gravities  in  situ  have  been  com- 
puted, using  the  observed  temperatures  (T.)  and  Table  X.  of  the  former 
paper  (col.  12). 

Notwithstanding  the  failure  of  all  attempts  hitherto  made  to  find 
chemical  differences  in  the  composition  of  sea-water,  noW  apparently 
made  final  by  the  identical  values  obtained  for  salinity  from  chlorines  and 
densities,  I  thought  it  possible  *  that  waters  derived  largely  from  sea- water 
ice  might  contain  some  measurable  excess  of  sulphates  compared  with 
waters  coming  from  low  latitudes,  and  that  at  least  some  indication  might 
thus  be  given  of  the  place  of  origin  of  any  given  sample.  A  large 
number  of  the  surface  samples  from  the  Atlantic  have  been  thus 
examined,  with  results,  mostly  negative,  which  need  not  be  discussed 
here.  Determinations  of  the  sulphates  in  a  number  of  the  '  Research  ' 
samples  were  made  along  with  others,  and  the  values  obtained  are  to  be 
found  in  column  13  of  Table  III.  Fifty  c.c.  of  the  sample  were  takeii  in 
each  case,  the  sulphates  precipitated  with  barium  chloride  in  the  usual 
way,  and  left  to  stand  overnight.  Special  care  was  taken  to  wash  the 
preci];Htates  with  boiling  water  until  the  combined  filtrates  of  a  whole 
batch  (usually  numbering  about  eight)  gave  no  perceptible  turbidity  with 
silver  nitrate.  About  half  a  dozen  samples  were  done  in  duplicate,  the 
results  agreeing  closely  in  every  case.  The  numbers  in  column  14,  which 
are  those  of  column  13  multiplied  by  100,  and  divided  by  those  of  column 
6,  show  no  variation  amongst  themselves  which  can  be .  taken  to  repre- 
sent actual  differences  of  composition,  but  as  most  of  them  tend  towards 
the  superior  limit  usually  assigned  to  this  fraction,  it  may  be  well  to  add 
that  they  agree  with  the  values  obtained  for  the  great  bulk  of  the  surface 
samples. 

It  appears  from  this  that  we  must  look  to  the  analysis  of  dissolved 
gases  for  any  hope  of  being  able  to  identify  sea-waters  by  self-borne 
labels,  and  one  cannot  but  regret  that  the  '  Research '  was  not  supplied 
with  tubes  for  collecting  gas  samples. 

Results. 

The  general  distribution  of  temperature  and  salinity  disclosed  by  these 
observations  is  easily  described.  At  tile  surface  the  isothermal  of  12**  C. 
passes  in  a  W.N.W.  to  E.S.E.  direction  just  north  of  the  Ridge,  forming 
an  almost  straight  line  to  the  Orknev  Islands.  The  general  map  for  the 
same  period,  not  yet  quite  completed,  shows  that  east  of  the  Orkneys  it 
sweeps  northward  to  the  Norwegian  coast,  which  it  cuts  in  about  70**  N. 
lat.,  just  north  of  the  Lofotens.  The  line  of  11"  C,  according  to  the 
same  chart,  is  nearly  parallel  to  that  of  12",  passing  through  the  island  of 
Sudero  in  the  Faeroes,  and  bending  north  to  the  east  of  the  group,  showing 
a  cold  axis  close  inshore.  Below  the  surface,  where  observations  are 
*  See  E.  Bordam,  Meddd€l$er  om  GrMaM^  xvii.  p.  234. 
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restricted  to  the  Faeroe-Shetland  Channel,  the  distribution  shown  by 
parallel  straight  lines  remains  practically  the  same  down  to  200  fathoms. 
At  200  fathoms  the  form  of  the  isotherms  changes,  and  below  300 
fathoms,  i.e.,  the  level  of  the  summit  of  the  Ridge,  they  follow  the  con- 
tour lines  of  the  sea-bottom  almost  exactly,  keeping  the  central  axis  of 
lowest  temperature  very  close  to  the  edge  of  the  continental  shelf.  At 
all  depths,  from  300  fathoms  to  the  bottom,  this  axis  probably  passes 
almost  directly  through  Stations  III.  and  VII. 

Turning  next  to  the  isohalines,  we  find  at  the  surface  the  line  of  35*4 
pro  mUle  passing  through  stations  VI.,  VII.,  and  VIIL,  and  to  KS.R  the 
lines  of  35  3  and  35  2  almost  parallel  to  it,  the  latter  passing  through 
station  IV.  Below  the  surface  the  35*4  line  moves  slightly  to  W.N.W., 
but  otherwise  the  distribution  remains  altogether  unchanged,  the  isoha- 
lines running  almost  at  right  angles  to  the  isothermals  till  the  summit  of 
the  Ridge  is  again  reached,  when  a  sudden  change  to  a  curved  form,  the 
same  as  the  isothermals,  takes  place,  the  axis  of  greatest  salinity  remain- 
ing, however,  somewhat  to  the  W.N.  W.  of  the  axis  of  lowest  temperature, 
i.e.,  more  in  the  centre  of  the  channel.  Here  the  salinity  falb  to  a  little 
less  than  34*9  pro  milU, 

Comparing  these  results  with  those  of  former  expeditions,  the  salinity 
observations  show  at  the  upper  levels  fresher  waters  near  the  shore  side 
of  the  channel  west  of  the  Orkney  and  Shetland  Islands,  and  a  steeper 
gradient  towards  W.N.W.,  indicating  that  water  of  more  than  usual 
salinity  was  to  be  found  to  west  and  south-west  of  the  Faeroe  Islands. 
This  point  will  be  settled  by  the  surface  observations  in  the  general  map 
when  worked  up.  The  ^  Riesearch '  observations  are  practically  the  first 
obtained  at  levels  below  300  fathoms,  as  the  '  Jackal '  was  not  fitted  with 
sounding  apparatus  that  could  be  safely  used  at  those  depths. 

Subtracting  the  temperature  readings  of  '  Knight-£rrant '  from  those 
of  the  'Research'  we  get  the  following  differences  between  August  1896 
and  August  1880. 

Station  IV.  'Knight-Errant,  No.  33.' 
At  surface  -  T-O  C. 
50  fathoms  +01 
100      „  00 

160      „  00 

200      „  t 

Station  IVa. 
250      „         -40  +01 

300      „         -3-3  +0-9 

350      „         -21  +2-0 

400      „         +0  3 
450      „         +0-6 
Bottom      „         +0-2 

Station  VIII.  '  Knight  Errant,  No.  28.' 

At  surface  -  T'l  C. 
-0-2 

Station  IX.  may  be  compared  with  'Knight  Errant,  No.  5.' 

At  surface  - 1*'4  C. 
At  bottom  +0-7 

Station  IV.  is  unfortunately  too  susceptible  to  great  variations  of  tern* 
perature  for  very  slight  changes  of  position  to  s^oid  any  reliable  corn- 
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paiison,  as  is  evident  from  the  differences  under  IV a.  It  is  worth  noting 
that  at  Station  IX.  sovih  of  the  Ridge,  a  distinct  difference  is  ohservable 
at  a  depth  of  nearly  600  fathoms.  The  positions  do  not  exactly  corre- 
spond it  is  true,  but  the  ditterences  of  depth,  560  fathoms  for  the 
*  Knight  Errant,'  and  595  fathoms  for  the  *  Research,*  are  in  favour  of 
the  different  readings  being  due  to  a  real  change  iu  the  temperature. 

The  results  of  a  comparison  of  these  observations  with  the  work  of 
the  '  Jackal '  in  1893  make  it  more  than  ever  a  matter  of  regret  that  we 
were  then  prevented  by  bad  weather  from  sounding  in  the  Faeroe  Channel 
anywhere  in  the  neighbourhood  of  the  Ridge  itself.  The  differences 
observed  in  the  temperature  at  the  four  stations  visited  in  both  years  are, 
however,  sufficiently  striking.  The  1893  readings  are  subtracted  from 
those  of  1896. 


Station.rR«««^'No. 
V  Jackal- No, 

II. 

IIL 

V. 

VI, 

II. 

XIII, 

XIV. 

XVII. 

Depth       )                      Q 
Fathoms  /         "            g 

+  0-6 
+  0-5 

-0-6 
-0-7 

+  01 
+  0-1 

-0-2 
-0-2 

10 

-0-2 

-0-6 

-01 

-0-5 

15 

-0-9 

-0-6 

-0-2 

-0-6 

20 

-0-7 

-0-3 

-0-2 

-0-7 

25 

-0-5 

-0-3 

-0-6 

-0-5 

30 

-0-4 

-0-3 

-0-8 

-0-2 

35 

-0-4 

-02 

+  0-4 

+  0-4 

40 

-0-4 

-0-2 

+  0-4 

+  0-8 

45 

-0-4 

0-0 

+  0-2 

+  1-2 

50 

-0-5 

+  0-2 

+  01 

+  1-2 

60 

-0-4 

+  01 

00 

+  1-4 

70 

-0-3 

+  0-2 

+  01 

+  1-6 

80 

-01 

+  0-5 

+  0-3 

+  20 

90 

-0-2 

+  0-2 

+  0-3 

+  2-4 

100 

-0-4 

-01 

+  0-2 

+  2-4 

110 

-0-4 

-01 

00 

+  2-2 

120 

-0-5 

+  01 

-01 

+  1-9 

130 

-0-6 

00 

-0-1 

+  1-7 

140 

-0-7 

-0-5 

-01 

+  1-5 

150 

-0-9 

-0-8 

00 

+  1-3 

160 

-0-9 

-0-6 

+  01 

+  10 

180 

-0-6 

-1-8 

+  0-6 

-0-2 

200 

... 

-2-1 

-1-0 

-1-5 

250 

... 

-3-3 

-3-2 

+  01 

300 

... 

-30 

-2-6 

-0-2 

350 

... 

-1-6 

-1-8 

-0-2 

400 

... 

-0-6 

-0-7 

00 

450 

... 

... 

... 

... 

•«►  500 

... 

... 

... 

... 

550 

... 

... 

... 

... 

600 

... 

.  • . 

... 

... 

Bottom. 

-M 

... 

... 

... 

In  1896,  as  in  1893,  Station  II.  gives  more  marked  indication  of  a 
Sprungsehicht  due  to  land  influences,  than  any  of  the  stations  out  in  the 
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Ohannel;  Down  to  a  depth  of  about  8  fathoms  the  temperature  in  1896 
is  higher  than  in  1893,  but  at  15  fathoms  it  is  nearly  1*"  0.  lowei^  and 
this  quantity  diminishes  slowly  to  nearly  zero  at  80  fathoms,  increasing 
again  steadily  to  l*"  at  the  bottom.  Station  III.  shows  a  lower  tempera- 
ture of  about  0*''5  0.  at  the  surface,  diminishing  to  sero  at  45  ff^ihoms, 
below  which  point  the  water  was  warmer  in  1896  than  in  1893 
by  an  amount  reaching  a  maximum  of  0**6  0.  at  80  fathoms,  and 
diminishing  again  to  zero  at  about  130  fathoms.  At  still  greater  depths 
the  year  1896  shows  colder  water,  the  difierence  being  greatest  at  about 
260  fathoms,  just  above  the  Bidge  level.  Station  V.  shows  diflbrenoes 
of  almost  exactly  similar  type,  but  the  amounts  ate  in  general  smallttr. 

Station  VI.,  as  before,  explains  the  whole  position,  Here  the  iempam- 
turo  in  1896  is  lower  than  in  1893  down  to  about  30  fathoms,  and  then 
warmer  water  is  met  with,  the  difference  increasing  steadily  to  as  much 
as  2**4  C.  between  90  and  100  fathoms,  then  again  decreasing  to  zero  at 
about  180  fathoms,  and  varying  about  that  point  to  400  fathoms. 

The  general  map  of  surface  temperature  of  the  North  Atlantic  shows 
that,  in  1896,  the  isothermal  of  1896  fails  anywhere  to  cross  the  parallel 
of  60"  N.  lat.  Instead  of  as  in  1893  extending  northward  to  the  south- 
w^t  of  Iceland,*  the  line  of  17*"  touches  the  south  of  Ireland  as  before, 
but  immediately  to  the  westward  bends  southward  to  below  50^  N.  lat., 
instead  of  northward  to  beyond  51'  N.  The  line  of  10'  begins  south- 
east of  Iceland,  and  extends  as  before  to  just  north  of  the  Faeroe  Islands, 
but  apparently  recurves  in  a  much  wider  bend  towards  the  Norwegian 
coast,  and  the  temperatures  east  of  Icel^^nd  are  lower,  indicating  a 
stronger  and  more  widespread  current  of  cold  water  moving  southwards. 

These  rems^rkable  differences  of  distribution  become  at  once  intel- 
ligible when  the  meteorology  of  the  period  is  considered.  The  pilot 
chart  issued  by  the  United  States  Hydrographic  Office,  gives  the  following 
information  for  1896  : — 

May* — *  The  number  of  icebergs  is  unusually  large,  especially  near  the 
south-eastern  pxtremity  of  Newfoundland.'  While  this  statement  refers 
to  a  special  region  with  which  we  are  not  immediately  concerned,  it  may 
be  tal^en  as  indicating  tepiperature  c^bove  the  normal  in  high  latitudes 
during  early  summer, 

June, — *  The  weather  over  the  North  Atlantic  has  been  generally  fine. 
The  winds  in  the  northern  part  of  the  ocean  (north  of  45'  N,)  were  fresh 
to  strong  from  the  north  or  east  during  the  first  week,  due  to  an  area  of 
high  pressure  oyer  that  region.  On  the  8th  they  commenced  to  blow 
from  the  westerly  quadrants,  and  continued  so  with  the  exception  of  a 
few  days  for  the  two  weeks  following, 

'  The  barometric  pressure  in  the  vicinity  of  the  Azores  was  irregular 
and  below  the  normal  for  the  first  two  weel^s.  During  that  time  the 
winds  between  those  islands  and  Europe  were  principally  from  the  west 
or  south-west. 

Jvly, — 'The  weather  oyer  the  North  Atlantic  during  most  of  the 

month  has  been  moderate North  of  tho  45th  parallel  there  were 

gales,  principally  from  the  south-west,  from  the  3rd  to  the  5th,  and  from 
the  8th  to  the  1 2th  of  the  month,  due  to  two  storm  areas,  whose  centres 
are  shown  on  the  chart  between  the  50th  an4  60th  parallels. 

*The  barometric  pressure  has  been  generally  below  the  normal  north 
of  50'  N.  Over  the  west  coasts  of  Europe,  and  tl^e  British  Isles,  and  the 
ocean  adjacent,  anti-cyclones  have  predominated.  This  arrangement  of 
conditions  caused  south-west  to  westerly  winds,   principally  over  the 

*  O^ogrofikdcal  Journal^  March  1896,  Plate  7. 
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northern  central  part  of  the  ocean,  with  variable  winds  of  not  much  force 
between  the  Azores  and  Western  Europe. 

*  In  the  vicinity  of  the  Azores  the  pressure  has  been  about  normal, 
but  the  centre  of  the  high  area  has  been  to  northward  and  eastward  of 
its  average  position. 

August, — *  The  weather  over  the  North  Atlantic  during  the  month  has 
been  remarkably  fine.  South  of  the  50th  parallel  the  weather  has  been 
continually  good,  excepting  a  few  reports  of  moderate  gales  received  from 
vessels  east  of  Newfoundland,  due  to  areas  of  low  pressure  passing  over 
far  to  the  northward. 

*East  of  the  40th  meridian  anti-cyclones  have  prevailed  over  the 
steamer  routes  nearly  the  entire  month,  causing  northerly  or  easterly 
winds  over  the  British  Isles  and  coast  of  Western  Europe.  The  centre 
of  the  high  area  being  so  far  to  the  northward  of  its  usual  position 
caused  the  paths  of  the  lows  to  be  deflected  much  further  to  the  north- 
ward than  usual.' 

The  Bulletin  Mensuel  du  Bureau  Centred  Meteorologique  de  Frar^ce.  and 
the  Paily  Weather  Reports  of  the  British  Meteorological  Office,  tell  the 
same  story  of  unusually  high  pressure  west  and  south-west  of  the 
British  Isles  during  July,  giving  light  westerly  winds,  and  keeping  such 
depressions  as  appeared  far  to  the  northward.  These  publications  give 
the  additional  information  that  depressions  tended  to  move  south  east- 
wards from  the  direction  of  Iceland  into  the  North  Sea,  and  we  accord- 
ingly get  as  a  general  result  for  the  whole  period  that  south  of  the 
entrance  to  the  Faeroe-Shetland  Channel,  as  far  as  to  the  Azores,  the  usual 
southerly  component  of  the  winds  was  either  absent  or  abnormally  weak, 
while  north  and  west  of  the  channel  the  prevailing  winds  were  northerly, 
often  north-westerly,  sometimes  north-easterly. 

It  thus  appears  that  the  usual  drift  coming  up  the  Faeroe-Shetland 
Channel  from  the  Atlantic  was,  as  a  current,  abnormally  weak,  owing  to 
the  absence  of  southerly  winds  over  the  areas  to  south  and  west  of  the 
Wy  ville  Thomson  Ridge.  At  the  surface,  and  for  some  30  to  50  fathoms 
below  it,  the  movement  was  not  only  arrested  but  reversed;  and  the 
colder  surface  water  from  the  Norwegian  Sea  made  its  way  as  a  surface 
layer  apparently  some  distance  south  of  Station  VL  This  water,  be  it 
noted,  probably  passed  up  the  Faeroe  Channel  in  the  spring,  and  may 
have  received  but  a  slight  admixture  of  surface  water  from  further  north. 

The  southward  movement  of  water  in  the  upper  strata  would  naturally 
tend  to  cause  a  slight  descending  motion  along  the  borders  of  the  con- 
tinental shelf  where  that  shelf  extends  in  an  east  to  west  direction,  and 
to  this  the  lowering  of  temperature  below  the  100  fathom  line  at  Station 
II.  may  possibly  be  ascribed.  At  the  northern  end  of  the  channel,  how- 
ever, it  would  produce  a  relief  of  pressure  at  the  greater  depth,  and 
check  the  slow  southward  movement  of  the  ice-cold  water  below  the 
level  of  the  Wyville  Thomson  Ridge.  This  check,  and  the  great  weaken- 
ing of  the  warm  current  moving  northward  over  it,  would  greatly 
lessen  the  *  undertow '  just  at  the  Ridge,  and  the  consequent  mixture  of 
hot  and  cold  water  occurring  along  the  Faeroe-Shetland  Channel.  Hence 
we  find  temp)eratures  below  200  fathoms  lower  than  those  observed  in 
1893,  especially  at  Stations  III.  and  V.,  where  the  effect  of  mixing  was 
then  most  marked ;  and  between  the  motionless  bottom  layer  and  the 
southward  drift  at  the  surface  the  feeble  stream  of  unmixed  Atlantic 
water  shows  itself  as  a  warm  wedge  extending  between  35  fathoms  and 
160  fathoms  at  Station  VL,  and  tapering  away  to  somewhere  between  50 
and  100  fathoms  at  Stations  III.  and  Y. 

Averaging  the  differences  of  temperature  between  the  surface  and  the 
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100  fathoms  in  1893  and  1896,  we  find  Station  II.  O^^l  C.  colder  in  the 
latter  year,  Stations  III.  and  IV.  practically  the  same,  and  Station  VL 
0'*9  warmer.  Notwithstanding  the  widely  different  characteristics  of  the 
two  summers,  it  appears  that  near  the  north-western  edge  of  the  plateau 
the  mean  temperature  of  the  water  within  100  fathoms  of  the  surface  was 
nearly  the  same,  and  in  the  southern  part  of  the  Faeroe  Channel  it  was 
actually  higher  in  the  colder  season.  It  would  be  premature  to  discuss 
the  meteorological  significance  of  these  facts  before  the  data  from  all 
sources  have  been  compared  with  them ;  but  it  seems  only  fair,  in  order 
to  place  the  work  of  the  '  Research '  in  the  position  it  deserves,  to  point 
out  that  a  low  surface  temperature  over  the  Norwegian  Sea  has  been  fol- 
lowed by  persistent  northerly  winds  over  western  Europe  throughout  the 
last  quarter  of  1896,  and  therefore  presumably  by  abnormally  high  pres- 
sures over  the  former  region.  These  northerly  winds  have  almost 
certainly  kept  the  North  S^  full  of  oceanic  water,  water  which  we  know 
to  have  had  a  fairly  high  temperature,  and  the  autumn  and  early  winter 
has  been  unusually  open  and  rainy  in  the  British  Isles. 

The  extensive  system  of  observations  organised  during  1896  wiU,  it  is 
expected,  continue  in  operation  till  the  end  of  1897,  and  it  is  to  be  hoped 
that  the  connecting  link  supplied  by  H.M.S.  *  Research '  during  the  first 
year  will  not  be  wanting  in  the  second. 

Note, — The  following  analysis  of  samples  collected  by  H.M.S. 
'  Research,'  made  by  Mr  W.  S.  Anderson  at  the  Marine  Station,  Granton, 
have  been  sent  to  me  by  Mr  Irvine.  The  CO^  determinations  were  made 
with  Pettersson's  apparatus,  but  the  samples  were  not  collected  in 
exhausted  tubes.     Numbers  of  samples  correspond  to  those  in  Table  III. 


Dc-pth 

in 

fms. 

X  in  iixm%,  per 
Eilogrm. 

Total 
CO, 

per   litre 
in  milli- 

Alkalimity 
CO.  per 
litrem 

miUligrms. 

Probable 

'density  as 

4di5calcalated 

from  X. 

gmis. 

Sorf.  Faeroe  Channel, 

0 

19-567  (?) 

104-8 

_ 

1026-30  (?) 

No.  127 

360 

19-287 

102-6 

62-6 

1025*92 

,.    117 

8S0 

19-296 

1047 

52'5 

1025-93 

„    106 

600 

19-190 

101  1 

62-6 

1025-78 

„    172 

660 

19-521 

105-7 

62-6 

1026-24 

„    170 

696 

19-525 

104-2 

62-6 

1026-26 

„    146 

600 

19-336 

101-5 

52-2 

1025-98 

„    146 

640 

19-806 

97-2 

62-5 

10251)4 
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TABLE  II. — Tbmpbraturbs  prom  Cubvbb.    DooREEa  Gbntiorabb. 


Depth. 

I. 

11. 

III. 

IV. 

IVa. 

V. 

VI. 

Vlll. 

Fathoms. 
0 

Metres. 

0 

12-2 

12-2 

11-5 

12-4 

11-7 

12-2 

12-8 

6 

9 

12-1 

12-1 

11-4 

12-3 

11-7 

12-1 

12-8 

10 

18 

12  0 

11-4 

11-3 

11-9 

11-3 

n-6 

12-8 

15 

27 

11-6 

10-5 

11-0 

11-5 

11-0 

11-2 

12-8 

20 

37 

10-4 

9-9 

10-7 

11-0 

... 

10-7 

10-8 

12-8 

25 

46 

9-8 

9-6 

10-1 

10-6 

10-2 

10-6 

120 

30 

55 

9-6 

9-5 

9-5 

10-4 

... 

9-4 

10-2 

117 

35 

64 

9-4 

9-4 

91 

10-2 

... 

9-1 

lo-o 

11-4 

40 

78 

9-8 

9-4 

8-8 

9-9 

... 

8-9 

9*8 

110 

45 

82 

91 

9-4 

87 

9-8 

... 

8-6 

97 

10-6 

60 

91 

9*0 

9-3 

8-6 

9-7 

... 

8*5 

9-5 

10-8 

60 

110 

8-8 

9-8 

8-4 

9-5 

8-3 

9-4 

9-6 

70 

128 

8*8 

9*8 

8*8 

9*8 

8-2 

9-1 

9-8 

80 

146 

8-7 

9-8 

8-1 

9-2 

8-1 

8-8 

9-2 

90 

165 

8-6 

9-2 

7-9 

9-1 

8-0 

8*6 

91 

100 

188 

8-3 

8-9 

7-6 

9-0 

... 

7'9 

8-4 

9-1 

110 

201 

8-1 

8-8 

7-6 

8-7 

7-7 

8-2 

9-1 

120 

220 

7-7 

8-6 

7-5 

8-6 

7*6 

7-9 

9-1 

180 

238 

7-6 

8-4 

7-3 

8-6 

7-5 

77 

91 

^6 

256 

7-6 

8-2 

6-6 

8-6 

7-5 

7-5 

91 

150 

274 

7-8 

7-9 

6-2 

8-6 

7-5 

7-8 

9  0 

160 

293 

7-2 

7-8 

6-2 

8-6 

7-5 

7-0 

8-9 

180 

829 

7-1 

7-8 

4-6 

8-6 

7-1 

5-8 

8-6 

200 

866 

72 

8-8 

8-5 

4-8 

4-2 

8-6 

250 

457 

.. 

1-4 

5-6 

8-4 

1-4 

1-5 

8-6 

800 

549 

00 

1-4 

5-6 

07 

0-2 

... 

350 

640 

... 

... 

-0-4 

0-6 

4*7 

0-2 

-0-2 

... 

400 

782 

... 

... 

-0-8 

0  0 

00 

... 

450 

82S 

... 

... 

-1-0 

-0-2 

... 

-0-3 

... 

... 

500 

914 

... 

... 

... 

-0-4 

... 

-0-5 

... 

550 

1006 

-0-6 

-0-6 

... 

... 

600 

1097 

... 

... 

... 

... 

... 

... 

... 

... 

Bottom,  . 

• 

6-9 

7-2 

-11 

-0-6 

4-6 

-07 

-0-4 

8-6 
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X.— REPORT  ON  THE  PHYTO^PLANKTON  COLLECTED  ON 
THE  EXPEDITION  OF  H.M.S.  'RESEARCH/  1896.  By 
Profeusor  P.  T.  Clevb,  LL.D.,  of  the  University  of  Upsala,  Sweden. 
(PI.  VIII.) 

From  the  Fishery  Board  for  Scotland  I  received  for  examination  a 
series  of  samples  collected  last  summer  around  the  Shetland  Islands. 
Some  of  the  samples  were  so  poor  in  diatoms  and  ciliotiagellates  that 
they  are  omitted  in  the  following  account 

The  samples  examined  were  the  following : — 

1.  Station  Jackal  IL,  lat.  61*  45'  N.,  long.  O**  59'  W.,  30th  July,  10  a.m. 

2.  „  „  „  „  1  p.m. 

4.'  Station  J^skal  XIU.,  lat  61*  1'  N.,  long.  3'  1 2'  W.,  31st  July,  10  a!m! 
6.  „  „  „  „  11.30  a.m. 

7.*  Station  Jackal  XIV.,  lat  61'  20'  N.,  long.  4''  22'  W.,"4th  Aug.,  1 1  a]m! 
^-  »  ,»  >»  »>  2  p.m. 

9.  Station  Jackal  XVIL,  lat  60*  34*5',  long,  b""  37*5',  5th  Aug.,  2  p.m. 

10.  „  „  „  „  3.30  p.m. 

11.  Station  Knight  Errant  28,  lat  60^  2'  N.,  long.  V  IV  W.,  6th  Aug., 

11.30  a.m. 

12.  „  „  „  „  6  p.m. 

13.  „  „  „  „  8  p.m. 

14.  Station  Knight  Errant  33,  lat  60*  3'  N.,  long.  5'  51'  W.,  Ist  Aug., 

10  a.m. 

15.  „  „  „  „  2  to  4  p.m. 

16.  „  „  „  „  3rd  Aug., 

11  a.m. 

17.  „  „  „  „  2  p.m. 

The  more  important  forms  are  named  in  the  following  table  (p.  298), 
where  r  signifies  rare  and  c  common,  cc  very  common,  +  neither  rare  or 
common. 

A  complete  enumeration  of  the  forms,  with  remarks,  will  be  found 
later  on.  In  order  to  get  as  complete  a  list  as  possible,  I  treated  a 
mixture  of  all  the  samples  with  acids,  and  examined  the  cleaned  forms. 
This  sample  is  in  the  following  pi^es  named  ^  mixed  sample.' 

LIST  OF  SPECIES. 

A.  Diatoms. 

AsterompJialus  heptactis  (Br^b.),  Ralfs.  (Pritch.,  PI.  VIIL  fig.  21 ; 
SpatangidtMm  Ralfsianum,  Norm.  M.J.  VII.  (1859),  PI.  VII.  figs,  7,  8; 
Asteromphalus  Ralfs,,  A.  Schm.,  Atl.,  PI.  XXXVIII.  figs.  5-8)  occurs 
rarely  in  some  samples,  and  has  been  observed  by  M.  Grove  in  samples 
from  Faro  (Knight  Errant  Exp.)  and  by  various  observers  in  guano 
from  California  and  Peru.  It  belongs  to  the  warmer  Atlantic.  Another 
species,  A,  atlanticus,  CI.,  occnrs  also  in  the  Atlantic,  but  in  company 
with  Chadoceros-spedes,  and  seems  to  characterise  the  choetoceros- 
plankton  as  A,  heptactis  does  the  east  atlantic  plankton.  A,  atlanticus 
is  found  in  Davis  Strait,  and  this  summer  near  Spitsbergen  always  in 
choetoceros-plankton. 
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Diatoms. 

AsUrwaphaXus  keptdctis^  Ralfs., 
Bacleriastrum  ddicatvltim,  CI., 
Ceratmdina  Bergonii,  H.  P.,     . 
Cha:tocero8  atlanticuSy  CI., 
C.  horecdis,  Btw., 
C.  curreTiSf  CI.,  . 
C  decipiejiSy  CI., 

C.  peruvianuSf  Btvf.f 
Corethran  hysrtiXf  Bensen., 
Dactyllosolen  anturdicus,  Castr., 

D.  mediterraneus  var.  tenuis^  CI., 
NitzscJiia  serin/ a,  CI., 
JViaosoleniaalata,  Btw.,  . 

R.  al.  var.  gracillima,  CI., . 
i2.  styliformU,  Btw., 

ClUOFLAGELLATES. 

Ceratiumfurca,  Duj., 

a /m««,  Duj.,    .... 

C.  <ripo«,  Ehb.  type, . 

C.  tripo9  var.  horrida,  CL, 

C.  <rtoo«  var.  lon^lpes,  Baile, 

Periainium  divergens,  Ehb., 

PyrophacUt  harologium.  Stein., 

Chlobophtllacban. 
Halosphora  viridis,  Scbmitz,     . 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

r 

+ 

cc 

+ 

+ 

+ 

r 
r 

r 

+ 

cc 

+ 
+ 

+ 

r 

r 

+ 

cc 

r 

T 

c 

+ 

r 

r 

+ 

cc 

+ 
c 
r 

r 
r 

r 

+ 

+ 

cc 

+ 
+ 
c 
r 

r 
r 

+ 

r 
r 

+ 

cc 

+ 
c 
r 

r 

+ 
r 

r 
4- 
r 
r 
r 
r 
r 

+ 
r 

+ 

+ 

+ 
• 

+ 
r 

r 

cc 

. 
ce 

+ 

r 

r 

r 
r 
r 

cc 

c 
c 
c 

r 

r 
r 

r 

cc 

r 
r 

r 

: 

r 
cc 
c 
cc 

r 
r 

+ 

r 

r 

c 

r 
r 
r 
r 
r 
r 

r 
r 
r 
r 

c 

r 

r 
+ 

r 

r 

+ 
rr 

+ 

r 
+ 

c 

c 
r 

f* 

rr 

c 

c 
cc 

+ 

r 

c 
r 

+ 

r 

• 

c 

r 
r 
r 

cc 
c 

+ 

r 

c 

r 
r 
r 

r 

cc 

ce 
+ 

c 

c 
c 

+ 

r 

c 

r 
r 
r 
r 

r 

r 
r 
r 
r 
c 
, 
c 

+ 

r 
r 
c 

r 
r 

r 

Bacteriastrum  delicatulumy  CI.,  n.  sp.  (PI.  fig.  15).  Slightly  silicious. 
Frustule  cylindricaL  Long,  axis,  0*015;  diam.,  0*012  inm.  Awns  aris- 
ing inside  the  margin  of  the  valve,  furcate,  with  distinct  basal  part  (in 
length  0*002  mm.),  about  eight  in  the  circle. — This  species  was  found 
very  rarely  in  some  samples.  It  is  distinguished  from  B,  varians  by 
its  delicate  membrane  and  the  long  basal  parts  of  the  awns.  The  cell- 
contents  were  heaped  at  the  valves,  but  my  specimens  were  perjiaps 
not  healthy  when  killed  by  the  alcohol.  In  J?,  varians^  the  cell-contents 
consist  of  a  number  of  small  chromatophores  scattered  along  the  wall  of 
the  frustule. 

Geratavlina  Bergonii,  K.  P.  (Monogr.  du  RhizosoL,  PL  I.  figs.  15, 16), 
rare  in  some  samples. 

Choetoceros  cdlanticus,  CL  (D.  f.  the  Arct  Sea,  PL  II.  fig.  8),  rare  in 
some  few  samples. 

ChoBtoceros  borecdiSf  Btw.,  rare. 

var.  BrigUweUii,  CL  (D.  f.  the  Arct  Sea,  PL  IL  fig.  7a),  rare  (Nos.  2, 
9,  17). 

var.  solitaria,  CL,  n.  var.  Cells  isolated,  or  in  pairs.  Not  very  rare. 
(Nos.  2,  7,  9,  10,  11,  12,  17.) 

Chostoceros  criophUtt$,  Castr.  (Challenger  D.,  p.  78),  rare  (Nos,  11, 17). 

Chcetoceros  curvisetm,  CL  (Bih.  K.  Sv.  Vet.  Ak.  Handl.,  XX.  32,  PL  I. 
fig.  5),  very  rare  (Nos.  11,  17). 

Chostoceros  currena,  CL,  n.  sp.  (PL  fig.  8).  Cells  isolated.  Vftlves 
dissimilar.  Upper  valve  usually  the  largest,  convex,  with  the  awns 
arising  oear  the  centre.  Lower  valve  flat,  with  awsA  arising  between  ^ 
centre  and  the  margin.  Valves  nearly  orbicular.  Awns  of  the  upper 
valve  directed  in  the  direction  of  the  sagittal  axis,  not  distinctly  striate, 
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Fio.  1. — Ohatoeoros  borealii,  Tar. 
solUaria,  500  tm. 


witli  a  spire  of  conspicuous  spines.  Awns  of  the  lower  valve  somewhat 
diverging.  Cell-contents:  scattered  chromatophores,  also  in  the  awns. 
Long,  axis,  0*02;  sag.  axis,  0*015;  trans,  axis,  0*012  mm. 

This  species  may  be  the  same  as  C.  volans,  Schiitt  (Ber.  D.  Bot.  Ges., 
1895,  Bd.  XIII.  fig.  20),  but  in  the  fig.  of 
Schiitt  the  awns  of  the  upper  valve  arise 
near  the  margin,  and,  besides,  there  is  no 
description  of  the  awns,  so  I  cannot,  with- 
out original  specimens,  identify  them.  C, 
Gurrens  was  met  with  this  summer  in  the 
seas  around  Spitsbergen  and  Beeren 
Eilaud. 

Chcetoceros  decipiens,  CI.  (D.  f.  Arct.  S., 
PI.  I.  lig,  5).  Of  this  species,  so  abundant 
in  the  middle  Atlantic,  some  few  specimens 
only  were  found. 

ChoBtoeeros  peruviantis,  Btw.  (PI.  fig. 
7)  (M.J.  IV.,  Pi.  VXI.  figs.  16-18;  and 
VI.,  PL  VIII.  figs.  9,  10).  This  species  is 
nearly  related  to  0.  currens,  but  much 
coarser,  and  differs  especially  by  the  awns, 
which  are  coarsely  transversely  striate  (striae 
21  in  0*01  mm.),  and  carry  a  spiral  of  coarse 
spines. 

O.  peruvianas  belongs  to  the  warmer  seas* 
I  know  this  form  from  Ascension,  the 
Mediterranean,  and  Java. 

Corethron  hysfrix,  Hen.sen  (PI.  fig. 
15).  Fru9tule  very  thin  and  membran- 
aceous, cylindrical,  short,  with  very  convex  valves.  Long,  axis,  0*04 
to 007;  diam.,  0*02  to  0*03  mm.  Both  valves  at  their  basis  with  a 
circlet  of  straight,  simple  awns,  all  in  the  same  direction,  or  about 
45**  from  the  longitudinal  axis ;  upper  valve  besides  with  a  number  of 
exceedingly  delicate  hairs,  thickened  at  their  ends.  Cell-contents: 
numerous  linear  chromatophores,  which  radiate  from  the  nucleus  along 
the  inside  of  the  frostole.     Nucleus  near  the  connecting  zone. 

This  species  is  nearly  related  with  a  fcNrm  from  the  Antarctic  Ocean,  of 
which  Mr  Comber  sent  me  specimens ;  also  that  form  has,  as  Mr  Comber 
pointed  out,  between  the  awns,  hyaline  hairs,  which  end  in  hooks, 
but  tliey  are  mwh  stronger  than  in  C,  hystrix. 

C.  hystrix  was  found  only  in  a  small  number  ol  specimens.  I  have 
also  observed  it  tbis  summer  in  samples  from  Beeren  Eiland,  and  in  the 
end  of  October  in  the  middle  of  the  North  Sea.  It  seems  to  be  a  ehar- 
acteriatic,  but  rare,  form  of  the  Atlantic  plankton. 

€o8cinodi6CU8  anguste-lineatWy  A.  Schm.  (Atl., 
£U)ffie  few  valves  were  found  in  the  mixed  sample. 
muL  Margin  with  a  row  of  apiculi  (5  in  0*01  nun.), 
to  18  in  001  mm. 

Coecmodiscus  cwrvattUus,  Gran.  var.  Some  few  valves  in  the  mixed 
eample.  Diam.,  0*035  to  0055  mm.  Margin  with  a  row  of  apiculi  (2-3 
in  0*01  mm.)  and  a  pseudonodule.  Bows  of  cellules  almost  straight,  6  to  7 
in  each  bundle,  and  about  6  in  0  0 1  mm. 

Gosdnoducus  nUnor^  Ehb.  var.  In  the  mixed  sample  some  few  valves 
w«M  found  of  a  form  resembling  A.  S.  Atl.,  CXIII.  fig.  10,  and  LIX.  fig.  8, 
but  of  extremely  email  size,  0*01  mm.  only  in  diamej^er.  Cellules  about 
12  in  0*01  mm,,  larger  in  the  middle  and  smaller  at  the  margin,  which 
is  striate  (stri»  about  20  in  001  mm.). 


PI.  LIX.  fig.  34)  var. 
Diam.,  0*01  to  0*03 
Bows  of  cellules,  12 
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Coscinodiscus  ociUus  iridiSy  Ehb.  A  single  specimeu  ouly  was  foond 
in  the  mixed  sample. 

Dactyliosolen  antarcticus^  Castr.  (Challenger  D.,  p.  75,  PI.  IX.  fig.  7), 
occurs  in  several  samples,  hot  nowhere  abundant.  Hitherto  observed  in 
the  Antarctic  Ocean  only. 

Dactyliosolen  mediterraneus,  H.  P.  var.  tenuis,  CI.  (PL  fig.  14  ). 
Frustules  slightly  silicious,  in  diameter  0*01  to  0*025  mm.  Annuli,  2  to  4 
in  0*01  mm.  Valve  flat,  with  delicate  puncta  arranged  in  rows,  which 
radiate  from  the  centre,  where  are  some  scattered  puncta.  Connective 
zone,  with  fine,  elongate  puncta  arranged  in  lines  parallel  to  the 
longitudinal  axis,  about  24  in  0*01  mm. 

This  form  agrees  with  D,  medit,  H.  P.  (Monogr.  d.  Ehizosol,  PI.  I.  figs. 
8,  9),  in  most  respects,  but  not  in  the  strength  of  the  membrane,  which  is 
described  as  being  strongly  silicious. 

Hemidiscua  cwneiformiSy  Wallich  (Janisch.  Gazelle  £xp.,  PL  I. 
fig.  7).     Some  few  valves  in  the  mixed  sample. 

Navicula  ft^siformiSy  Grun.  var.  A  very  small,  exceedingly  delicate, 
form,  in  length  0*035  mm.  only,  was  found  in  the  mixed  sample. 

Nitzscliia  closterium,  W.  Sm.  A  delicate  variety,  with  straight  beaks, 
was  rarely  found  in  Nos.  5,  8,  12,  16,  17. 

Nitzschia  lineola,  CL,  n.  sp.  (PL  fig.  10).  Valve  narrow,  acute. 
L.,  0*1  to  0*11  mm.;  B.,  0*002  mm.  Keel  eccentric,  its  puncta  14  io 
0*01  mm.  Striae,  24  in  0*01  mm.  This  exceedingly  delicate  form  was 
observed  rarely  in  No.  14. 

Nitzschia  {Tryblionella)  migranSy  CL,  n.  sp.  (PL  fig.  9).  Valve 
flat,  with  parallel  margins  and   suhcuneato  somewhat  obtuse  ends.     L., 

0  035  mm. ;  B.,  0*007  mm.     Keel-puncta  indistinct.     Striae  coarse,  11  in 

001  mm. 

This  species  was  found  in  isolated  specimens,  rarely  in  Nos.  12  and  13. 
It  is  related  to  N,  seriata,  CL 

NUzsctiia  seriata,  CL  (Vega  Exp.  D.,  PL  XXXVIU.  fig.  75).  This 
species,  which  occurs  in  the  Arctic  Sea,  and  occasionally  in  the  North  Sea 
the  Irish  Channel,  was  met  with  in  some  few  samples  only.  It  is  the 
only  arctic  form  observed  in  the  *  Research '  samples. 

This  species  may  easily  be  mistaken  for  another  form,  which  I  name 
N,  fraudulentay  n.  sp.  The  latter  (PL  fig.  11)  occurs  in  chains  as 
N,  seriata,  but  is  much  more  delicate,  aiid  has  finer  striae  (23  in  0*01 
mm.),  which  are  seen  only  with  diJQ&culty,  whilst  N,  seriata  is  coarsely 
striate. 

N.  fraudulenta  was  found  last  summer  in  the  harbour  of  Pljrmouth, 
and  at  the  end  of  October  in  the  middle  of  the  North  Sea.  It  is  a 
southern,  and  N,  seriata  a  northern,  form,  perhaps  of  the  same  species. 

Rhizosolenia  alata,  Btw.  (M.J.  VI.,  PL  V.  fig.  8).  This  species  was 
exceedingly  common  in  several  samples,  especially  from  the  western 
stations.  The  form  found  there  was  the  typical  one,  but  variable  in  size, 
so  that  several  specimens  must  be  considered  as  belonging  to  IL  alata 
var.  graeHlima,  CL  The  latter  form,  but  not  the  typical,  occurs  in 
summer-time  in  large  masses  in  the  Kattegatt  and  Skagerak.  This 
variety  was  also  found  as  the  principal  constituent  of  the  plankton  near 
Beeren  Eiland  in  September  this  year.  At  both  places  I  have  sometimes 
met  with  specimens,  of  which  one-half  belongs  to  K  alata  and  the  other 
to  R.  gracUlima  (see  the  fig.  in  Van  Heurck  Synopsis,  PL  LXXIX. 
fig.  8).  I  am  very  much  inclined  to  consider  R.  alata  as  an  Atlantic 
form,  which,  in  water  of  less  salinity,  becomes  changed  into  R  gradUima, 

Rhizosolenia  semispina,  Hensen  (PL  fig.  13).  IJnder  the  name  R, 
setigerOj  two  well  distinct  species  have  been  confounded,  viz.,  the  original 
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form  figtired  by  Brightwell  in  M.J.  VI.,  1858,  PL  V.  fig.  7,  and  the  form 
figured  in  Van  Heurck's  Synopsis,  PI.  LXXVIII.  fig.  7,  and  in  Peragallo, 
Monogr.  du  g.  Rhizosol.,  PL  IV.  figs.  12  and  14.  The  original  R.  setigera 
is  very  delicate,  has  no  markings  on  the  calyptra.  There  are  no  rings  to 
be  seen  on  the  connecting  zone.  This  form  has  not  been  found  in  the 
'Research'  samples,  but  occurs  in  the  winter  and  early  spring  in  the 
Kattegatt  and  Skagerak,  where  it  forms  interior  cells,  which  are  identical 
with  Fyxilla  baltica,  Grun.  The  figures  (PL  fig.  12)  show  the  forma- 
tion of  PyxUla  baltica  inside  R.  setigera. 

The  other  form,  named  R.  semispina  by  Hensen  was  formerly  (Bih.  t. 
K.  Sv.  Vet.  Akad.  HandL,  Bd.  XXII.  3,  No.  5)  named  by  me  R.  setigera 
forma  gracUts.  It  is  very  rare  in  the  'Research'  samples,  some  few 
specimens  only  having  been  observed  in  Nos.  10  and  11.  On  the  other 
hand,  it  is  of  very  frequent  occurrence  in  the  west  Atlantic  plankton, 
which  I  call  tricJio-plankton, 

Rhizosolenia  Stolter/othii,  H.  P.  (Monogr.  d.  Rhiz.,  PL  I.  figs.  17,  18). 
A  few  specimens  only  were  found  in  No.  11. 

Rhizosolenia  styliformiSy  Btw.  This  characteristic  Atlantic  form  was 
found  more  or  less  abundant  in  most  of  the  '  Research '  samples.  It 
seems  to  belong  especially  to  the  eastern  parts  of  the  Gulf-stream. 

Thalassiothrix  limgissima,  01.  and  Grun.  Of  this  species,  which  occurs 
in  the  western  Atlantic  (south  west  of  Iceland)  in  enormous  masses,  some 
few  specimens  only  were  found  in  Nos.  7, 11,  14,  17. 


B.    CiLIOFLAGELLATBS. 

Ceratium  furca,  Duj. 

CercUium  fusus^  Duj. 

Ceratium  tripos,  Ehb.  This  widely  distributed  species  occurs  in 
different  varieties,  which  it  is  of  importance  to  distinguish.  Ehrenberg 
named  a  variety  macroceros  and  another  arctica,  but  did  not  give  any 
figures  of  them.  In  the  Infusionsthierschen,  PL  XXII.  fig.  18,  he  figures 
two  forms,  of  which  the  left  is  the  most  common,  and  may  be  considered 
as  tJie  type,  and  is  as  such  figured  by  Olapar^de  and  Lachman.  It  corre- 
sponds with  the  var.  baltica,  Schiitt  (Beschr.  d.  Plaukton-Exp.  von 
Kriimmel,  pp.  266  and  302).  The  right  figure  corresponds  in  outline 
with  the  variety  arctica,  figured  by  OlaparMe  and  Lachman,  Etudes 
sur  les  infusoires,  PL  XIX.  fig.  3.  This  is  evidently  the  same  as  Schiitt's 
var.  labradoricc^  l.c  The  other  variety,  macroceros^  is  figured  by 
Claparkle  and  Lachman,  fig.  1.  This  easily  recognised  form  has  been 
named  scotica  by  Schtltt. 

Schiitt  adds  two  other  varieties,  viz.,  parvulaj  "the  figure  of  which  is 
insufficient  for  indentification,  and  tergedina.  The  latter  has  in  my 
paper  (in  Bih.  K.  Sv.  Vet.  Akad.  HandL,  XXII.  3,  No.  5)  been  named 
arctica  Aur,  but  was  figured  by  Bailey,  already  1854,  as  Peridinium 
longipes  (Smithsonian  contr.,  VoL  vii.  f.  35).  To  these  varieties  I 
will  add  two,  viz.,  (7.  tripos  var.  hucephalus  and  C  tripos  var.  horrida, 

I  give  on  Plate  figures  of  all  these  varieties. 

1.  G,  tripos  type=  G,  tripos  var.  baltica,  Schtltt,  fig.  1,  is  very  common 
in  the  North  Sea  and  in  the  '  Research '  samples.  In  the  Kattegatt  and 
Skagerak  it  belongs  to  the  summer  plankton  or  the  tripos-plankton. 

2.  (7.  tripos  var.  macroceros,  Ehb.  =  C.  tripos  var.  scotica^  Schiitt,  fig.  6, 
very  common  in  the  English  Channel  and  the  south  part  of  the  North 
Sea.  It  was  found  very  rarely  in  the  *  Research  *  samples  No.  10.  In 
the   Kattegatt  and  Skagerak   it   appears  in  the  summer   and   autumn. 
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always  in  company  with  southern  formsy  and  it  belongs  to  tripos-  an^ 
didymus-plankton. 

3.  C,  tripos  var.  areticay  Ehb.  =  C,  tripos  var.  labradoricOySchlitt, 
fig.  3,  is  abundant  in  BaflSn's  Bay  and  the  Labrador  current.  The  form 
figured  by  ClaparMe  and  Lachman  is  remarkable  for  the  coarse  apiculi 
on  the  horns  and  the  tail.  It  has  not  yet  been  found  with  certainty 
in  the  Kattegatt  and  Skagerak. 

4.  C.  tripos  var.  longipeSy  Bail  =»  tergestinay  Schiitt,  ardica,  Aur,  fig.  2, 
was  rarely  found  in  the  *  Research '  samples ;  it  occurs  in  the  winter 
abundantly  in  the  Kattegatt  and  Skagerak. 

5.  C,  tripos  var.  horriday  CI.,  fig.  4,  resembles  the  var.  longipeSy  but  is 
remarkable  for  the  spines  on  the  horns  and  the  tail.  Occurs,  although 
rarely,  in  most  of  the  *  Research  *  samples. 

6.  C.  tripos  var.  huceplialuSy  CI.,  fig.  5,  was  Hot  found  in  the 
*  Research '  samples,  but  this  summer  in  the  collections  of  the  Stfredish 
expedition  to  Spitsbergen,  as  well  as  in  a  sample  taken  at  the  end  of 
October  in  the  middle  of  the  North  Sea. 

Peridinium  divergenSy  Ehb.  (Stein,  /w/.,  PI.  X.  figs.  1-5). 
Pyropliacus  Jtorologiuniy  Stein  (/w/.,  PI.  XXIV.). 

C.    SiLIOOFLAGELLATBS. 

Didyoeha  Jibiday  EKb.,  extremely  rare  in  the  mixed  sample. 
Dietyocha  speculurtiy  Ehb.,  rarely  in  No.  11. 


D.  Chlorophyllacban. 
Halospluera  viridisy  Schmitz,  rare  in  several  of  the  samples. 

Eesults, 

In  a  paper  published  this  1896  (in  Bih.  K.  Sv.  Yet.  Akad.  Handl.,  Bd. 
XXII.  3,  No.  5),  I  have  distinguished  in  the  Skagerak  and  Kattegatt 
four  different  types  of  plankton,  viz.  : — 

I.  Tripos-planktariy  characterised  by  abundance  of  crustaceans  and 
cilioflagellates,  but  usually  a  scarcity  of  diatoms,  among  which  Coscino- 
discus  concinntis  and  Rhizosoleriia  gracillima  are  the  most  important. 
This  kind  of  plankton  rules  at  the  west  coast  of  Sweden  in  the  summer, 
and  there  are  reasons  for  believing  it  to  be  derived  from  the  northern  or 
southern  North  Sea. 

II.  Didymus-plankton  (Sign  N),  characterised  by  Cfimtoceros  didymuSy 
G,  SchUttiiy  C.  curvisetuSy  G.  laciniostts,  Ditylum  Brightiodliiy  L^tocy- 
lindrus  danictcs,  Skeletonema  costatum,  Eucampia  ZoodiacuSy  &c,  all 
species  belonging  to  the  coast-plankton  of  the  English  Channel,  west 
Scotland,  and  continental  coasts  of  the  North  Sea.  It  appears  in  the 
Skagerak  and  Kattegatt  in  the  autumn,  and  comes  no  doubt  along 
the  west  coast  of  Jutland  and  from  Norway. 

III.  Tricho-plankton  (Sign  T),  characterised  by  abundance  of  diatoms, 
the  most  important  being  Thalassiothrix  longissimOy  Rhizosolenia 
semispinay  Ghcttoceros  attanticus,  G.  horealiSy  G.  decipienSy  &c.,  species 
abundant  in  the  western  part  of  the  Atlantic,  south  of  Iceland.  It 
arrives  to  Sweden  in  January  and  February,  usually  mixed  with  the 
following  kind :  — 

IV.  Sira-plankton  (Sign  Si),  characterised  by  an  abundance  of  diatoms, 
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the  following  being  the  most  remarkable :  Thalassiosira  NordensTdoldii^ 
T.  gravida^  Nitzschia  seriata^  Coscinodiscus  excentrtcm  var.  Choetoceroa 
socialis,  C,  teres,  C,  seolopendra,  C.  simUis,  C.  diadema,  &c.  This 
plankton  b^ongs  to  the  Arctic  Sea,  and  arrives  some  years  (as  in  1895  and 
1896,  but  not  in  1894)  at  the  coasts  of  Sweden  in  the  end  of  January 
or  in  February.     It  disappears  in  the  spring  almost  completely. 

The  plankton  collected  in  the  *  Research'  expedition  has  no  re- 
semblance to  2,  3,  and  4,  but  it  has  to  1,  or  tripos-plankton,  and 
may  be  considered  as  its  Atlantic  facies.  A  glance  at  the  table 
shows  that  the  samples  belong  to  two  types,  one  characterised  by  the 
scarcity  of  diatoms  and  abundance  of  cilioiiagellates.  The  other  shows 
the  contrary.  Now,  the  samples  rich  in  diatoms  have  been  collected  at 
the  western  and  the  samples  poor  in  diatoms  at  the  eastern  stations. 
They  belong  evidently  to  two  different  kinds  of  water.  There  is  thus 
reason  for  distinguishing  the  two  kinds  of  plankton  as  Styli  (Sign  S) 
and  2Vtpo«-plankton  (Sign  Tp).  The  former  comes  no  doubt  from 
the  warmer  Atlantic,  and  continues  probably  to  Finmark  and  Beeren 
Eiland,  where  it  seems  to  arrive  in  September.  The  examination  of 
samples  collected  by  the  Swedish  expedition  to  Spitsbergen,  not  yet 
finished,  has  convinced  me  that  there  ruled  at  Beeren  Eiland,  in 
the  mouth  of  August,  tricho-plankton,  but  in  September  styli- 
plankton  of  nearly  the  same  facies  as  at  the  coast  of  Sweden  in 
summer,  that  is,  with  Rhizosohmui  (jracillima,  Dr  Fulton  informs  mo 
that  the  drift-bottles  thrown  out  at  the  most  westerly  station.  Knight 
Errant  28,  have  not  yet  been  returned.  There  ruled  S  plankton.  On 
the  other  hand,  drift-bottles  from  the  station  Jackal  II.,  where  the  plankton 
was  Tp,  landed  at  Scotland.  Bottles  from  Jackal  XIIL  (pi.  Tp)  did, 
on  the  other  hand,  not  land,  but  those  from  Jackal  XVII.  (pi.  S) 
drifted  ashore  in  Scotland.  This  discrepancy  might  be  explained  by  the 
situation  of  the  last-named  stations  at  the  boundaries  between  the  two 
kinds  of  water,  but  this  explanation  cannot  be  accepted  without  being 
strengthened  by- the  analysis  of  the  water.  That  the  drift-bottles  from 
the  eastern  stations  landed  on  the  coast  of  Scotland  proves  that  the 
water  with  Tp  drifted  to  the  south*  The  water  with  Tp  had,  the  last 
summer,  a  very  wide  extension  in  the  north-eastern  Atlantic  as  well  as  in 
the  North  Sea. 


EXPLANATION  OF  PLATE. 


Fig.    1.  Ceratium  tripos^  Ehb.,  typical  (Sweden,  summer-plankton), 
150  t.m. 

Fig.    2.   Ceratium  tripos  var.  longipes,  Bail  (Sweden,  winter-plankton), 
150  t.m. 

Fig.    3.  Ceratium  tripos  var.  arctica,  Ehb.  (BaflBns  Bay),  150  tm. 

Fig.    4.   Ceratium    tripos    var.    Jiorrida,     CI.     (Shetland     Islands), 

150  tm. 
Fig.    5.  Ceratium  tripos  var.  hucephalus,  CL  (North  Sea,  Oct  1896), 

150  tm. 

Fig.    6.  Ceratium  tripos  var.  macroceroSy  Ehb.  (the  English  Channel, 
July  1896),  150  tm. 
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Fig.  7.  Ch(Btocero8  peruvianusy  Btw.,  500  t.m. ;  &,  piece  of  the  awn, 
1000  t.m. 

Fig.  8.  Chcetoceros  currens,  CI. ;  a  and  b,  specimens  from  Spitsbergen  ; 
c,  valve ;  all  500  t.m. ;  d,  piece  of  the  awn,  1000  t.m. 

Fig.    9.  Nitzschia  migrans^  CL,  n.  sp.,  1000  t.m. 

Fig.  10.  Nitzschia  lineolay  CL,  n.  sp.,  500  tm. ;  6,  piece  of  the  valve, 
1000  t.m. 

Fig.  1 1.  Nitzschia  {seriata  var.  ?)  fraudvlenta,  CL,  n.  sp.,  500  t.m. ; 
h,  piece  of  the  valve,  1000  t.m. 

Fig.  12.  Rhizosolenia  setigera,  Btw. ;  first  h  second,  and  c  thirds  state 
iu  the  formation  of  interior  cells  (PyxiUa  baltica,  Grun.) ; 
all  from  Sweden  (March  1896) ;  200  t.m. 

Fig.  13.  Rhizosolenia  semispi^ia^  Hensen,  500  t.m.  (Svtreden). 

Fig.  14.  Dactrjliosolen  mediterraneus  var.  tenuis,  CL  ;  6,  ignited;  both 
.  500  t.m. 

Fig.  15.  Corethron  hystrix,  Hensen;  entire  frustule  in  zonal  view; 
6,  in  valvnlar  view,  from  the  North  Sea  (Oct  1896) ;  c, 
ignited  specimen  from  Shetland  Islands ;  all  500  t.m. 

Fig.  16.  Bacteriastrum  ddicattdum,  CL,  n.  sp. ;  b  ignited  specimen ; 
e,  valve  ;  all  500  t.m. 
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XL— NOTES  ON  THE  ANIMAL  PLANKTON  FROM  H.M.S. 
*  RESEARCH.'    By  Thomas  Scott,  F.L.S. 

This  collectioo,  which  consisted  of  twenty-four  tow-net  gatherings,  was 
contained  in  twenty-two  small  bottles :  all  the  gatherings  (with  one 
exception)  were  collected  at  the  surface  of  the  water,  in  the  Shetland- 
Faroe  Channel,  at  the  end  of  July  and  the  beginning  of  August  last 
year,  by  H.M.S.  'Research.'  The  collections  were  made  by  a  tow-net 
made  of  fine  silk  bolting-cloth. 

Detailed  Description  op  the  Collection. 

1.  This  gathering  consisted  of  the  contents  of  one  haul  of  the  tow-net^ 
collected  at  the  surface  at  '  Jackal  Station  No.  U.,'  lat.  61*'45'N.  long. 
0'*59'W.,  on  July  30th,  1896,  at  10  a.m.  (net  down  15  minutes).  The 
total  contents  were  equal  to  about  9  c.c,  of  which  0*75  c.c.  consisted 
of  flocculent  matter  (Diatoms,  Infusoria,  Ceratiiim,  etc.),  the  remainder 
being  composed  of  larger  organisms,  chiefly  Eutomostraca.  The  plant 
plankton  has  been  described  by  Professor  Cleve  (p.  297).  The  fol- 
lowing organisms  were  observed  by  me  : — 

Calanus  fininarchicu8  (Gunner).  Acartia  Clausii,  Giesbrecht. 

Pseudocalanm  elongatus^  Boeck.  Oithona  (?)  similiSf  Glaus. 

Temora  longicomis  (Miiller).  Fodon  inUmudius,  Lil^jeborg. 

The  number  of  Entomostraca  in  this  gathering  was,  approximately,  about 
3500,  and  for  every  26  Calani  there  were  about  6  Pseudocalani^  32 
Temora^  and  200  Acartix^  while  Oithona  and  Podon  were  very  rare. 

2.  This  gathering  consisted  of  the  contents  of  one  haul  of  the  tow-net, 
collected  at  the  surface,  at  the  same  station  as  above,  and  on  the  same 
date,  at  1  p.m.  (net  down  15  minutes).  The  total  contents  measured  8*75 
c.c ,  of  which  about  *75  c.c.  consisted  of  flocculent  matter.  The  following 
organisms  were  observed  : — 

Calanus  jmmarckieus  (Gunner).  Acartia  Clausii,  Giesbrecht. 

Ptteudocalanus  elongatus,  Boeck.  Oithona  (?)  similiSf  Glaus. 

CeiUropages  typicus,  Kroycr.  Podon  intennedius,  Lilljeborg. 

Temora  longicomis  (Miiller).  Paraihemisto  (?)  graciUpeSt  Norman. 

Eucalanua  elongatus  (Dana).  Limaeina  retroveraa  (Fleming). 

The  number  of  Entomostraca  in  this  gathering  was  about  the  same  as  the 
last,  and  the  proportion  of  the  species  was  also  similar.  There  were  only 
one  or  two  specimens  of  Paratliemido  and  of  Centropages^  and  one 
specimen  of  Eucalantis,     Limaeina  was  very  rare. 

3.  This  gathering  consisted  of  the  contents  of  one  haul  of  the  tow-net, 
collected  at  the  surface,  at  the  same  station  as  the  other  two,  and  on  the 
same  date,  at  3  p.m.  (net  down  15  minutes). 

The  total  contents  of  this  haul  measured  10  cc,  about  1  c.c.  consisting 
of  flocculent  matter.  The  following  organisms  were  observed  in  this 
gathering : — 

Calanus  finmarchieus  (Gunner).  Acartia  Clausiit  Giesbrecht 

Paeudoealanus  elongattut,  Boeck.  Oithona  (?)  aimiliSt  Glaus. 

EuchoBta  norvegiea,  Boeck.  Podon  intennediuSf  Lilljeboiji;. 

Tetnora  Umgicomia  (MiUler).  Parathemisto  (?)  graeilipes,  Norman. 
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The  number  of  Entomostraca  was,  approximately,  about  4000,  and  the 
proportions  of  the  species,  the  one  to  the  other,  nearly  aa  in  the  formula — 

CaZanuSf  PseudocaXanus^  Temora^  Aeartia,  Oilhona,  Podon, 
50  7  24  180  12  2 

There  were  two  specimens  of  Euchcsta  and  one  of  Parathemisto.  Besides 
the  usual  Diatomacea,  Infusoria,  and  Radiolaria,  there  were  a  few  speci- 
mens of  Glohigerina  in  this  gathering. 

4,  This  gathering  consisted  of  one  haul  of  the  tow-net,  collected  at  the 
surface,  at  *  Jackal  Station  No.  XIII.,'  lat.  QVV  N.  long.  3*12'  W„  on 
July  31st,  1896,  at  10  a.m.  (net  down  15  minutes). 

The  total  contents  of  this  haul  measured  about  10*5  c.c,  including  about 
•5  c.c.  of  flocculent  matter.  The  following  organisms  were  observed  in  this 
gathering : — 

CcUanus  fiwmarchicus  (Qumiet).  Oi^Aona  (?)  «t97i(/i9,  Clans. 

Pseudoealamis  elcmgatus,  Boeck.  Podon  irUermedius,  Lilljeborg. 

Temora  loTigicomis  (Miiller).  ParcUhemisto  grtxcilipes,  Norman. 

Aeartia  Clausii,  Giesbrecht.  Limaeina  retroversa  (Flemiug). 

The  number  of  the  Entomostraca  was  about  4500,  and  the  proportiopal 
iiumbers  of  the  species  nearly  as  in  the  last  gathering.  Limaeina  was 
very  rajre. 

5.  This  gathering  consisted  of  one  haul  of  the  tow-net,  collected  at  the 
same  station,  and  on  the  same  date  as  the  las^,  at  11.30  a.  m.  (net  down 
15  minutes). 

The  total  contents  of  this  haul  measured  about  11*5  cc,  including 
about  0*5  c.c.  of  flocculent  matter.  The  following  were  the  organisms 
observed : — 

Calanus  finmarchieus  (Gunner).  Aeartia  Clausii^  Giesbrecht. 

Pseudocalanus  elorigatus^  Boeck.  Oithorva  (?)  similiSy  Clans. 

Temora  longicomis  (Miiller).  Podon  intermediuSf  Lilljeborp;. 

CerUropages  typicus,  Kroyer.  Paratkemisto  (?)  gracilipes,  Norman. 

The  total  number  of  Entomostraca  was  about  5000,  the  pf'opor^ional 
numbers  of  the  species  being  somewhat  similar  to  those  o{  previous 
gatherings. 

6.  This  gathering  consisted  of  one  haul  of  the  tow-net,  collected  at  the 
surface,  at  the  same  station  as  Nos.  4  and  5,  and  at  the  same  date,  at 
2  p.m.  (net  down  15  minutes). 

The  total  contents  of  this  haul  measured  about  12*^  c.c,  1*5  cc.  of 
which  consisted  of  flocculent  matter.  The  following  are  the  organisms 
observed  in  this  gathering : — 

Calamcs  finmarehicus  (Gunner).  Podon  intermedins,  Lil^eboig. 

Pseudocalanvs  elongcUus,  Boeck.  Evadne  Nordmanni,  Lov^n. 

Temora  longicomis  (Miiller).  Parathemisio  (?)  gracilipes,  Norman. 

Aeartia  Clausiiy  Giesbrecht.  Limadna  retroversa  (Fleming). 

Oitkona  (?)  similis,  Claus.  Sagitta, 

Olobigerina. 

The  total  number  of  Entomostraca  and  the  proportional  numbers  of  the 
different  species  were  similar  to  the  last. 

7,  8.  These  two  small  gatherings  were  put  togeth,er  in  the  same  bottle  : 
they  consisted  of  the  contents  of  two  hauls  of  the  tov[-]ieii,  collected  at  the 
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surface,  at  *  Knight  Errant  Station  No.  33/  lat.  60^3'  N.  long.  5^51'  W. 
at  10  a.m.  and  noon  on  August  Ist,  1896  (net  down  15  minutes  each  time). 
The  total  contents  of  the  two  hauls  measured  about  13  c.c,  but  about 
half  of  this  quantity  consisted  of  flocculeut  matter,  the  other  half  being 
made  up  of  Entomostraca  and  Salpce.  The  following  are  the  organisms 
observed : — 

Calanus  finmarchicus  (Gunner).  Acartia  Clausii^  Gicsbrecht. 

Eucalcmus  crassus^  Giesbrecht.  OUhona  (?)  similiSf  Glaus. 

Pseudocalanus  eloiigatus,  Boeck.  Ectinosoma     atlaoUicmn     (Brady      and 
Tertwra  longicomis  (Miiller).  Robertson). 

Metridia     hibeiniica     (Brady     and  iW(wn*7i^«rm«rftt«,  Lilljeborg. 

Robertson).  Salpa  (?)  vulgaris, 
ParaecUanus  parvus,  Glaus. 

Calanus  and  Pseudocalanus  were  scarce,  Acartia  was  frequent,  Salpa 
was  also  frequent,  but  all  the  others  were  more  or  less  rare. 

9,  10.  These  two  gatherings  were  put  together  in  the  same  bottle : 
they  consisted  of  the  contents  of  two  hauls  with  the  tow-net,  at 
the  surface  of  the  water,  at  the  same  station  as  the  last,  and 
collected  on  the  same  date,  at  2  p.m.  and  4  p.m-  (the  net  being  down  for 
15  minutes  each  haul). 

T)ie  total  contents  of  the  two^  hauls  measured  only  about  5  c.c,  and 
consisted  chiefly  of  Salpa  aijd  some  flocculent  matter.  Entomostraca 
were  scarce,  only  five  species  being  observed,  of  which  the  following  are 
the  names : — 

Calanus  finmarchicus  (Gunner),  rare.  Podon  intermediuSj  Lilljeljorg,  few. 

Pseudocalanus  elangaiuSf  Boeck,  few.  Salpa  (?)  vulgaris ^  frequent. 

Acartia  Clatcsii,  Giesbrecht,  few.  (?)  Arach/nadis,  sp.,  rare. 

OUhona  {"i)  similis,  Glaus,  few.  Gtenophora,  rare. 

11,  12.  These  two  gatherings  were  put  together  in  the  same  bottle: 
they  consisted  of  the  contents  of  two  hauls  with  the  tow-net,  at  the  surface 
of  the  water,  at  the  same  station  as  the  last ;  they  were  collected  at  2  p.m. 
and  3.30  p.m.  on  August  2nd,  1896  (the  net  being  down  15  minutes 
each  haul). 

The  total  contents  of  these  two  hauls  measured  about  11  cc,  including 
about  1  cc.  of  flocculent  matter.  The  Entomostraca  numbered,  approxi- 
mately, about  4000.  The  following  are  the  names  of  the  organisms 
observed : — 

Calanus  finmarchicus  (GnnneT),  Podon  intermedius,  Lilljeborg. 

EuccUanus  elongatus  (Dana).  Limadna  retroversa  ( Fleming). 

AHidius  armatusy  Brady.  HagiUa. 

Euchceta  norvegica,  Boeck.  Tomoyteris. 

Metridia     hibemica     (Brady     and  Gtenophora. 
Robertson). 

The  formula  shows  the  proportional  numbers  nearly — 

Calanus,  Pseudocalanus,  Metridia,  Podon. 
90  6  50  40 

The  others  were  more  or  less  rare. 

13.  This  gathering  consisted  of  one  haul  of  the  tow-net,  at  the  same 
*  Knight  Errant  Station '  as  the  last,  collected  at  the  surface  at  10  a.ra. 
on  August  3rd,  1896  (the  net  being  towed  for  15  minutes). 

The  total  contents  of  the  haul  measured  about  9  c.c,  and  consisted 
mostly  of  flocculent  matter :  several  species  of  Entomostraca  were  observed, 
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but  individuals  were  few  or  rare.    Acartia  Clausii  was  of  more  frequent 
occarrence  than  any  of  the  others. 

The  following  are  the  species  that  have  been  observed  : — 

Calanusfinmarehicus  (Gunner),  rare.  Acartia  ClausU,  Giesbrecht,  frequent. 

Pseudocalanus  eloTigatus,  Boeck,  one.  JSvadne  Nordmanni^  Lov^u,  few. 

Paracalanus  parvus  (Glaus),  two.  Ctenophora,  frequent. 

CerUropages  typicuSf  Eroyer,  one.  {!)  Arachnactis, 

14.  This  gathering  consisted  of  one  haul  of  the  tow-net,  at  the  same 
station,  and  on  the  same  date,  as  No.  13  :  it  was  collected  at  the  surface 
at  2  p.m.  (the  net  being  towed  for  15  minutes). 

This  gathering  only  measured  about  5  c.c,  including  1  c.c.  of  flocculent 
matter. 

Oalanuafinmarchicus  (Gunner),  few.       Acartia  ClattHit  Giesbrecht,  frequent 
Pseiulocalaniis  elongatuSf  Boeck,rare.       OUkona  (?)  similis,  Glaus,  rare. 
CefiUropages  typicus,  Kroyer,  one.  Podon  intemiedins,  Lilljeborg,  rare. 

Temora  longicomis  (Miiller),  rare.  Hvadne  Nordmanni^  Lov^n,  rare. 

OlolbigeriTui, 
{t)  AraJehnactis. 

There  were  also  a  few  Ctenophora  and  larval  Crustacea,  as  well  as  one 
or  two  young  Gasteropod  molluscs. 

15.  This  gathering  consisted  of  one  haul  with  the  tow-net  at  *  Jackal 
Station  No.  XIV.,'  lat.  6r20'N.  long.  4'2^'W.,  taken  at  11  a.m.  on  the 
4th  of  August  1896,  at  the  surface  of  the  water  (the  net  being  towed  for 
15  minutes). 

The  gathering  measured  about  16 '5  c.c,  1*5  c.c.  of  which  consisted 
of  flocculent  matter,  the  remaining  15  c.c.  being  mostly  Copepoda.  The 
number  of  Copepods  in  the  gathering  would  be  approximately  about  5000, 
the  greater  part  consisting  of  Calanus  finmarchicus.  Other  species  (the 
names  of  which  are  given  below)  were  rare  : — 

Calantis  finmarchicics  (Gunner).  Euehceta  norvegicus^  Boeok. 

Paracalantis  painjus  (CinQs),  Acartia  Clausiit  Giesbrecht. 

Temora  longicomis  (Miiller).  OUhcna  (?)  similiSf  Glaus. 

Olobigerinaf  rare. 

16.  This  gathering  consisted  of  one  haul  with  the  tow-net  at  the  same 
station  as  No.  15  :  it  was  collected  at  the  surface  at  2  p.m.  on  the  4th 
August  (the  net  being  towed  for  15  minutes). 

This  was  comparatively  a  small  gathering :  it  measured  about  5  cc, 
including  2*5  of  flocculent  matter.  The  number  of  Copepoda  in  the 
gathering  was  about  1500.  Calanus  Jinmarchicus  was  more  common 
than  any  of  the  others,  as  shown  by  the  formula — 

Calanus,  Pseudocalanus,  Acartia,  Oithona,  Podon, 
160  4  60  9  17 

Names  of  the  species  : — 

Calanus  Jinmarchicus  (Guuner).  Acartia  Clausii,  Giesbrecht 

Pseudocalanus  elongatus,  Boeck.  Oithona  (?)  similit,  Glaus. 

Metridia     hibemica     (Brady     and  Pudon  intermedius,  Lilljeborg. 

Robertson),  two.  Evadne  Nordmanni,  Lov^n,  one. 

17.  This  gathering,  which  was  contained  in  two  bottles,  consisted  of 
one  haul  with  the  tow-net  at  the  same  station,  and  on  the  same  date,  as 
Nos.  15  and  16  :  it  was  collected  at  8  to  12  feet  below  the  surface  of  the 
water,  at  4  p.m.  (the  net,  in  this  experiment,  was  only  towed  for  10 
minutes). 
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This  gathering,  which  was  considerably  larger  than  any  of  the  others, 
measured  about  96  cc,  nearly  89  c.c.  of  this  consisting  entirely  of  Calanua 
finmarchicus^  which  was  the  only  Entomostracan  observed  in  this  gathering. 
The  number  of  Calanua  would  be,  approximately,  about  30,000.  The 
remaining  portion  of  the  gathering  consisted  of  Ctenophora  (rare), 
Diatomacea,  Infusoria,  and  Radiokria. 

18.  This  gathering  consisted  of  one  haul  of  the  tow-net  at  the  same 
station  as  No.  17,  and  on  the  same  date  :  it  was  collected  at  9  p.m.,  at  the 
surface  of  the  water  (the  net  being  towed  for  15  minutes). 

The  total  contents  of  this  gathering  measured  65  c.c. ,  and  consisted 
chiefly  of  Calanus,  A  few  other  species  were  observed,  but  these  were  of 
more  or  less  rare  occurrence.  The  number  of  Copepoda  in  this  gathering 
would  be,  approximately,  about  22,000.  The  following  are  the  names  of 
all  the  species  observed : — 

CcUcmiu  finmarchicus  (Gunner).  AcarHa  Clausii,  Giesbrecht. 

Pseudocalanus  elongatus^  Boeck.  ParcUhemisto  (?)  gradlipes,  Nonnan. 

Temora  longicomis  (Mttller).  Sagitta, 

Euchoeta  noTvegica^  Boeck.  Ctenophora. 

Larval  decapod  Crustacea,  rare. 

19.  This  gathering  consisted  of  one  haul  of  the  tow-net  at  'Jackal 
Station  No.  XVII. ' :  it  was  collected  at  the  surface  of  the  water  at  10  a.m. 
the  5th  of  August  1896  (the  net  being  towed  for  15  minutes). 

This  gathering  measured  about  10*5  c.c.,  the  larger  portion  of  which 
consisted  of  Calanus,  The  only  other  species  observed  were  Pseudocalanus 
elongatus  and  Acartia  Clansit,  both  of  which  were  rare.  The  number  of 
Copepoda  in  this  gathering  was,  approximately,  3500. 

20.  This  gathering  consisted  of  one  haul  of  the  tow-net  at  the  same 
station  as  No.  19,  and  at  the  same  date  :  it  was  collected  at  the  surface  at 
2  p.m.  (the  net  being  towed  for  15  minutes). 

The  contents  of  the  tow-net  measured  about  14*5  c.a,  about  a  fourth 
part  consisting  of  Radiolaria,  Infusoria,  and  Diatomacea.  The  Entomo- 
straca,  which  numbered  about  3600,  consisted  chiefly  of  Oalamis;  the 
other  species  that  were  observed  were  all  of  more  or  less  rare  occurrence. 
Their  names  are  as  follows  : — 

Calanua  finmarchicus  (Gunner).  Metridia  hibemica  (Brady  and  Robert- 

Pseudocalanus  elongatttSf  £k>eck.  son). 

Temora  longicomis  (Miiller).  Acartia  Glausii,  Giesbreoht. 

ParcUhemisto  (?)  graeilipes,  Norman. 

also  a  few  Ctenophora  and  larval  Crustacea. 

21.  This  gathering  consisted  of  one  haul  of  the  tow-net  at  the  same 
station,  and  on  the  same  date,  as  the  last :  it  was  collected  at  3.30  p.m., 
and  was  a  surface  gathering  (the  net  was  towed  15  minutes). 

The  contents  of  the  tow-net  measured  23  c.c,  including  about  1*5  c.c. 
of  diatomaceous  matter.  ITie  remaining  21*5  c.c.  consisted  almost 
entirely  of  Entomostraca,  chiefly  Calanus,  The  following  are  the  names 
of  the  species  observed,  all  of  which,  with  the  exception  of  Cdlunus^ 
were  more  or  less  rare : — 

Calaims  finmarchieus  (Gunner).  Acartia  ClauHi,  Giesbrecht,  rare. 

Lucalanus  elongaltts  (Dana),  one.  Oithona  (?)  similis,  Clans,  very  rare. 

PaeudoccUanus     elongatus,     Boeck,  Evadne  Nordmanni,  Lov^n,  ran*. 

very  rare.  Microniseus  calani,  G.O.  Sara,  three. 

Temora  longicomis  (Miiller),  very  (?)  Clavelina,  one  small  grouji. 

rare. 
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22.  This  gathering  conAisted  of  one  haul  of  ihe  tow-het  at  '  Kiiight 
Errant  Station  No.  28/  lat.  60^*2'  N.  long.  7'11'  W.,  taken  on  Augdst  6th, 
at  11.30  a.m.  It  was  a  surface  gathering,  and  the  time  the  net  was  towed 
was  15  minutes. 

The  gathering  measured  about  10*5  c.c,  3  c.c.  of  which  consisted  of 
flocculent  matter :  the  remainder  consisted  chiefly  of  Entomostraca,  and 
numbered,  approximately,  about  3000.  The  names  of  the  species 
observed  are  : — 

Calanus  Jinmarchietis  (Gunner).  OUhona  (?)  similiSf  Claus 

Paracalanus  parvus  (Claus).  Podon  inUrrmdius,  Lilljeborg. 

Teirwra  Lonyicomis  (Miiller),  Parathcmisto  (?)  gradlipes^  Norman. 

Acartla  Clausii,  Giesbrecht.  Limacina  retroversa  (Fleming), 

Globigerina,  Ctenophora,  Evadiie  Nordmanni,  Lov^n. 

In  626  specimens,  the  following  proportions  were  found : — 

Calamis,  Paracalanus,  Teinora,  Acartia,  OUhona,  Podon,  Evadne, 
310  1  46  146  7  15  1 

23.  This  gathering  consisted  of  one  haul  of  the  tow-net  at  the  same 
station,  and  on  the  same  date,  as  the  last :  it  was  a  surface  gathering,  and 
was  collected  at  6  p.m.  (tLe  net  being  towed  for  15  minutes). 

The  contents  of  this  gathering  measured  about  7*5  c.c,  and  contaiiied  a 
considerable  number  of  Salpce.  Though  several  species  of  Entomostraca 
were  observed,  individuals  were  few  in  number.  Acartia  Clausii  was 
more  frequent  than  any  of  the  others.  The  following  are  the  names  of 
the  species  observed : — 

Eucalanus  elongatus  (Dana)  one.  Eudicela  uorvegka,  Boerk,  five  or  six." 

Paracalanus  parvus  (Claus),  one.  Acartia  Clausii,  Gic^breclit,  frequent. 

Pseudocalanuselongalus,^OQC^,thTee,  Podon,  intermedins,  Lilljeborg,  frequent. 

Metridia    hibemica      (Brady      and  Salpa  {{)  vulgaris,  iT^-c^nani, 

Robertson),  severaL  Diphys  (?)  eampanuUfera,  rare. 

Scolodthrix    abyssalis,    Giesbrecht,  Ctenophora,  rare. 

one  or  two. 

24.  This  gathering  consisted  of  one  haul  of  the  tow-net  at  the  same 
station,  and  on  the  same  date,  as  Nos.  22  and  23  :  like  the  others  it  was 
a  surface  gathering,  and  was  collected  at  8  p.m.  (the  net  being  towed  15 
minutes). 

This  gathering,  which  consisted  chiefly  of  Ctenophora  and  Salpa^ 
measured  about  7*5  c.c.  Entomostraca  were  comparatively  few  in  number. 
The  following  are  the  names  of  the  species  observed  : — 

Calanus     fininarchicus     (Gunner),  Metridia  hibemica  (Brady  and  Bobert- 

frequent  son),  two. 

Eucalanus  elongatus  (Dana),  one.  Acartia  Clausii,  Giesbrecht,  frequent. 

Paracalanus  parvus  (Claus),  one  or  OUhona  (t)  similis,  Claus,  few. 

two.  Podon  intermedius,  Lilljeborg,  frequent 

Pseudocalanus  elongatus,  Boeck,  rare,  Ev  nine  Nordinanni,  Lov^n,  rare. 

Teinora  longicornis  OAxkiXti),  Que.  Hergestes  (?)  atlarUieus,  M.  £dw.,  one 

(jun.). 

Salpa,  ssvenil.     (?)  Arachnactis.     (?)  Diphys, 
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List  OF  TfiE  SPECtES  NAMED  IN  THE  PRECEDING 
DESCRIPTION. 

MACRUbA. 
Sergestes  (?)  cLUanticus^  M.  Edwards. 

COPBPODA. 

Calanus  finmarchums  (Gunner).  Afitridia  hibcmica  (Brady  and  Robert- 
EuccUamis  eUmgatus  (Dana).  son). 

Paracalanus  parvus  (Claus).  Euchceta  itorvegica,  Boeck. 

Pseiidocalanus  elongatus^  Boeck.  CeiUropages  typicuSf  Kroyer. 

AetUlius  armatua^  Brady.  Acartia  Clausii^  Giesbrecht. 

Scolocithrix  abyssalis,  Giesbrecht.  OUhona  (?)  similis,  Clans. 

Temora  longicomis  (Miiller).  Ectinosoma  ailanlicum  (Brady  and  Robert- 
son). 

Cladocera. 
Podon  intermedius,  Lilljeborg.  Evadiie  Nordmanni,  Lov^il. 

Amphipoda. 

Parathemisto  (?)  grofiilipeSi  i^orman. 

Epicarid^. 
Microiiiscu8  calani,  G.O,  Sars. 

Ptbropoda. 

Linuicina  retroveraa  (rlcniing) 

Tunicata. 

Salpa  (?)  vulgaris, 
(?)  Clavelina. 

Vermes. 
Sagitta  bipundata,  G.  and  G.       Tomoplerm  <miseiJor7h,is,  Esch. 

CCBLENTERATA. 

DipkySy  sp. ,  and  one  or  two  others  not  identified. 

NOTES  ON  SOME  OF  Tfi£  SPEblES.* 

Sergestes  {f)  atlaniicus,  M.  td wards. — A  single  immature  specimeti  of 
Sergestes,  which  the  Rev.  Mr  Stebbing  (who  examined  the  speciuifen  for 
me)  thinks  may  probably  belong  to  S.  atlanticus,  was  obtained  in  tbe 
last  of  the  tow-net  gatherings  collected  by  H.M.S.  'Researcn';  the 
specimen  measured  about  18  mm.  (|  inch)  in  length.  Ttie  distribution 
of  Sergestes  atlanticv^,  according  to  Spence  Bate — see  his  work  on  the 
Macrura  of  the  'Challenger'  Expedition — is  almost  world-wide;  the 
*  Challenger '  specimens  were  obtained  in  such  widely  divet^elit  locali- 

•  t  am  largely  indebted  fo  Dr  Giesbreclit's  raluable  work,  Der  Pelagischen  Cope- 
podendtfi  Oplfe$  von  NeapcU^  for  information  concerning  the  distribution  of  the  Cope- 
poda.  Dr  Brady's  Monograph  0/  British  CopepocUt,  and  various  other  works,  have 
also  been  consulled. 
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ties  as  off  Japan ;  off  Matuka,  Fiji  Islands ;  south  of  Australia ;  off 
Monte  Video;  near  Teneriffe ;  and  at  300  miles  off  the  Chesapeake. 
Moreover,  it  was  taken  at  the  surface  and  also  at  the  depth  of  2425 
fathoms.  Sergestes  ardicits,  Kroyer,  which  Spence  Bate  considers  to  be 
identical  with  S.  atlanticus,  was  obtained  off  the  coast  of  Qreenland. 
The  length  of  the  *  Challenger  *  specimens  varied  from  20  to  50  mm.  ; 
while,  according  to  S.  Smith,  a  specimen  of  Sergestes  ardtcus,  obtained 
off  the  east  coast  of  the  United  States  of  America,  measured  90  mm.  in 
length. 

Calanus  finmarchicus  (Gunner). — The  distribution  of  this  species  is 
also  nearly  world-wide,  as  the  following  other  records  will  show  : — Arctic 
Ocean,  North  Atlantic,  and  European  Seas  (Brady);  Mediterranean, 
West  Coast  of  South  America,  Hongkong  (Giesbrecht)  ;  Australasia  and 
South  Pacific  (Brady) ;  Sulu  Sea  (Dana). 

Ikicalamts  dongatua  (Dana). — This  is  clearly  Dana's  species  ;  it  agrees 
perfectly  with  the  description  and  figures  of  it  in  Dr  Giesbrecht's  mono- 
graph on  the  Copepoda  of  the  Chdf  of  Naples,  This  also  is  an  apparently 
widely-distributed  species :  Dana  records  it  from  the  Sulu  Sea,  and  T. 
Street  from  north  of  the  Celebes ;  Dr  Claus  obtained  it  in  the  Mediter- 
ranean, and  Dr  Giesbrecht  notes  its  occurrence  westward  of  Gibraltar ; 
on  the  West  Coast  of  South  America,  from  Valparaiso  northwards  ;  and 
in  the  Pacific  between  lat.  3"  S.  and  U'  N.,  westward  to  long.  132"  W. . 
But,  though  the  species  is  of  wide  distribution,  its  occurrence  in  the 
Shetland-Faroe  Channel  is  of  interest,  as  there  seems  to  be  no  previous 
record  of  its  being  found  so  far  north  in  the  Atlantic  (unless  perhaps, 
some  of  the  North  Atlantic  records  of  Eucalanv.8  attenttatus  :  Dana  may, 
owing  to  an  oversight,  really  refer  not  to  that  species,  but  to  Eucalantbs 
elongatiis),  Eucalaniis  elongatvs  does  not  yet  appear  to  have  been 
recorded  from  the  North  Sea,  at  least  within  the  British  area. 

Eucalanus  crasstts,  Giesbrecht. — Only  a  single  specimen  (a  female)  of 
this  species  was  obtained,  and  it  was  captured  at  ^Knight-Errant 
Station  No.  33.'  Eucalamis  crassvs  is  a  more  robust  species  than  either 
Eu,  dongatua  or  Eu.  atteniuxtus.  The  abdomen  has  the  same  number  of 
segments  as  in  that  of  the  last-named  species,  but  the  genital  segment  is 
considerably  shorter,  and  is  laterally  more  dilated  and  broadly  rounded  : 
the  second  abdominal  segment  is  very  short.  The  occurrence  of 
Euealanus  crasstcs  in  the  Shetland- Faroe  Channel  is  somewhat  interest- 
ing, as  bearing  on  the  distribution  of  the  species.  Dr  Giesbrecht  records 
the  occurrence  of  the  species  off  Eio  de  Janeiro  and  north-east  thereof ; 
to  the  west  of  South  America  between  lat.  14"  and  26°  S.,  and  further 
between  long.  175"  W.  and  138"  E.,  and  lat.  19"  to  20  N.  Moreover, 
while  re-examining  some  specimens  of  Eucalanus  from  the  Gulf  of 
Guinea,  for  the  purpose  of  comparing  them  with  that  from  the  Shetland- 
Faroe  Channel.  I  found  one  of  this  species  :  this  specimen  was  taken  at 
a  depth  of  50  fathoms,  lat.  70"  54'  N.,  long.  17"  25'  W.,  and  the  tem- 
perature of  the  water  at  the  50  fathoms  was  56" -58  Fahr.  The  above  is 
all  that  I  know  as  regards  the^  distribution  of  this  Euealanvs,  It  is  just 
possible,  however,  that  some  of  the  records  of  Eucalanvs  attentcatus  may, 
as  with  Eu,  elongatuSy  really  refer  to  Eucalanvs  crassus. 

Paracalanus  parvus  (Claus). — This  is  a  small  and  widely  distributed 
species,  and  readily  di>«tingui8hed  by  the  structure  of  the  fifth  pair  of 
thoracic  feet  in  cj  and  ?  .     The  following  is  a  brief  summary  of  what  is 
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known  as  to  its  distribution  : — Heligoland  (Glaus),  North  Sea  (Mobins), 
Trieste  (Glaus  ;  Car.),  Teneriffe  (I.  C.  Thompson),  West  Coast  of  South 
America,  Hongkong  (Giesbrecht),  Plymouth  (Bourne),  Irish  Sea  (I.  C. 
Thompson),  Firth  of  Forth  (Mihi). 

Pseudocalanua  dongatus,  Boeck. — This  Copepod  is  usually  more  or 
less  common  all  round  the  British  coasts.  According  to  Dr  Giesbrecht, 
the  known  distribution  of  this  species  extends  approximately  from  lat. 
60*  to  60'  N.,  and  from  the  Baltic  to  about  long.  10'  W. 

Aetidius  armatiM,  Brady. — Several  specimens  (all  female)  of  this 
species  were  obtained  on  the  same  date  and  also  at  the  same  station 
(*  Knight-Errant  Station  No.  33  ')  as  Bhbcalanvs  crassus,  but  at  a  some- 
what later  hour  of  the  day.  The  occurrence  of  AeHdivs  armatus  in  tlie 
Shetland-Faroe  Channel  is,  like  that  of  Eucalanus  crassuSj  of  considerable 
interest  as  bearing  on  the  distribution  of  the  species.  Aetidius  armatus 
was  first  described  by  Prof.  G.  S.  Brady  in  his  work  on  the  *  Challenger ' 
Copepoda,  where  he  records  its  occurrence  in  gatherings  from  the  follow- 
ing places :— Indian  Ocean  (lat  46*  46'  S.,  long.  45'  31'  E.),  Torres 
Straits,  off  Port  Jackson,  Australia ;  Chinese  Sea  (lat.  17°  64'  N.,  long. 
1-7'  14'  E.) ;  in  lat.  32'  24'  S.,  long.  13'  5'  W.  ;  and  in  lat.  3"  10'  N., 
long.  14**  51'  W.  Dr  Giesbrecht,  in  his  work  on  the  Copepoda  of  thfi 
GiSfof  Naples,  records  it  as  follows :— Gibraltar,  99'-124''  W.,  3'  S.-IT 
N.  Mr  I.  C.  Thompson  records  it  from  Malta,  and  in  my  rei>ort  on  *  Some 
Entomostraca  from  the  Gulf  of  Guinea,  West  Coast  of  Africa/  there  are 
a  few  records  of  the  species  for  that  district.  It  may  also  be  stated 
that  the  specimens  recorded  by  Dr  Giesbrecht  were  obtained  at  a  depth 
of  2300  metres  ;  those  from  the  Gulf  of  Guinea  were  obtained  at  depths 
varying  from  5  to  460  fathoms  (fully  1400  metres).  The  capture  of 
Aetidius  armatus  at  this  northern  station  is  therefore  of  interest,  as  it 
extends  greatly  the  limits  of  its  distribution,  and  indicates  that  its 
distribution  is  almost  world-wide.  The  presence  of  the  Aetidius  armatus 
at  this  *  Knight-Errant  *  station  might  of  course  be  due  to  the  action  of 
oceanic  currents  transporting  the  specimen  befyond  the  normal  limits  of 
the  distribution  of  the  species. 

Scolocithrix  ahyssalis,  Giesbrecht — The  occurrence  of  this  species  in 
the  *  Research '  collection  is  of  interest.  In  my  report  on  some  Entomos- 
trat-a  from  the  Gulf  of  Guinea  (pub.  1894),  a  Copepod  is  described  as 
Scolocithrix  tumida,  which  appears  to  be  identical  with  Scolodtlwix 
abyssalis,  Giesbrecht.  The  *  Research '  specimen  agrees  perfectly  with  the 
form  described  as  S,  tumida.  The  specimens  from  the  North  Pacific 
and  the  Gulf  of  Guinea  were  obtained  in  moderately  deep  water,  the 
former  from  1000  to  4000  metres,  the  latter  from  85  to  460  fathoms ;  but 
the  *  Research  '  specimen  is  from  a  surface  gathering.  The  known  dis- 
tribution of  this  Scolocithrix  appears  to  be  very  limited  ;  the  only 
record  given  by  Dr  Giesbrecht,  and  referred  to  above,  is  as  follows : — 
*124'-132'*  W.,  ir-14"  N. ;  in  1000-4000  metres,  Tiefe,' and  it  was 
obtained  at  only  two  stations  in  the  Gulf  of  Guinea,  viz.  :  at  about  100 
miles  to  the  west  of  Lonago  (lat.  4**  27'  V  S.,  long.  10**  1'  8"  E.),  in  85 
and  235  fathoms ;  and  at  about  the  same  distance  west  of  Princes  Island 
(r  55'  5"  N.,  5"  55'  5"  E.),  in  460  fathoms.  Its  occurrence  at  the 
surface  of  the  water  at  the  Shetland-Faroe  Channel  is  therefore  interest- 
ing from  its  l>earing  on  the  distribution  of  the  species,  both  horizontally 
and  bathymetrically. 
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Temora  longicornis  (Miiller). — The  ktiown  distHbution  of  this  6{)ecie8 
appears  to  be  confined  to  a  comparatively  limited  atea  of  the  North 
Atlantic — viz.,  from  lat.  50°  to  60*  N.,  westward  to  about  16°  W.  lotig. 
It  has  no  doubt  been  recorded  from  the  Adriatic  Sea  by  l)r  Clatis,  arid 
from  Marseilles  by  Dr  Gouret ;  but  Dr  Giesbrecht,  the  eminent  authority 
on  the  Copepoda,  seems  to  be  of  the  opinion  that  these  records  may  not 
tefer  to  this,  but  to  some  closely  allied  form.  In  my  report  on  *  Some 
Entomostraca  from  the  Gulf  of  Guinea,  West  Coast  of  Africa,'  Temora 
longicornis  is  included  in  the  list  of  Ck)pepoda  obtained  in  the  collec- 
tions from  that  district,  but  attention  is  directed  to  the  fact  that  the 
fifth  pair  of  thoracic  feet  in  the  male  differ  somewhat  from  the  same 
appendages  of  the  males  of  that  species  from  the  British  Seas,  and  a 
figure  is  given  on  Plate  IX.  (fig.  13)  showing  the  nature  of  the  difference. 
I  am  now  inclined  to  consider  the  Temora  recorded  under  this  name 
from  the  Gulf  of  Guinea  to  belong,  not  to  T.  longicornis,  but  to  T. 
{Calanvs)  turhinaius  (Dana) — a  form  closely  related  to  the  other. 

ifefridia  hihemica  (Brady  and  Robertson). — l^his  species  was  described 
in  1873,  in  the  Annals  and  Alagazine  of  Natural  History ,  as  Paracalamis 
hihemicus  by  Dr  Biudy  and  Mr  (afterwards  Dr)  Robertson ;  it  was  subse- 
quently ascribed  to  Metridia  amiata  of  Boeck,  and  also  to  the  genus  Fleur- 
omma  of  Glaus.  Dr  Giesbrecht,  in  his  valuable  monograph  on  the  Copepoda 
of  the  Gulf  of  Naples,  has  showu  that,  while  the  form  discovered  by  Brady 
and  Robertson  is  a  true  Metridia,  it  belongs  to  no  previously  described 
species ;  he  therefore  restores  the  specific  name  first  given  to  it  by  Drs 
Brady  and  Robertson.  The  following  is  a  brief  summary  of  what  is 
known  regarding  the  distribution  of  this  species,  viz.  :  North  Atlantic, 
from  lat  51°  22'  N.,  and  long.  12°  25'  W.  to  Rockall  Bank,  Scilly  Isles 
(Dr  Brady).  Arctic  examples,  apparently  belonging  to  this  species,  but 
twice  the  size  of  British  specimens,  were  obtained  by  the  *  Alert '  and 
*  Discovery  \  Expeditions  (Dr  Brady).  Firth  of  Forth,  Firth  of  Clyde, 
and  Moray  Firth  (Mihi).     Irish  Sea  (I.  C.  Thompson). 

Euchceta  norvegica,  Boeck. — It  will  be  noted  that  this  Copepod  has  been 
obtained  in  a  few  of  the  surface  tow-net  gatherings  ;  it  appears,  however, 
to  be  found  in  the  greatest  abundance  in  deep  w^ater.  The  distribution 
of'  EVfChoita  norvegica  appears  to  be  restricted  to  a  somewhat  limited 
area.  Dr  Mobius  has  obtained  it  off  the  south-west  coast  of  Norway. 
Professor  Sars  reports  it  as  occurring  generally  in  the  North  Atlantic 
and  Arctic  Sea,  between  Norway,  Greenland,  and  Iceland.  It  occurs 
abundantly  in  Loch  Fyne,  but  sparingly  in  other  parts  of  the  Clyde 
estuary.  The  Clyde  appears  to  be  near  the  southern  limit  of  its  distri- 
bution. It  is  only  within  comparatively  recent  years  that  Euchceta 
norvegica  has  been  observed  in  the  British  seas. 

Centropages  typicus,  Kroyer. — This  species  is  of  more  or  less  general 
occurretice  all  round  the  British  Islands,  but  is  somewhat  restricted  in  its 
distribution.  It  appears  to  be  confined  to  the  North  Atlantic,  the 
North  Sea,  and  the  Mediterranean.  The  following  are  somfe  of  the 
localities  from  which  Centropages  typicus  has  been  recorded,  viz.  : 
Canary  Islands  (I.  C.  Thompson)  ;  this  seems  to  be  near  the  southern 
limit  of  the  species.  Mediterranean— [Malta  (I.  C.  Thompson)  ;  Trieste 
(Car),  Gulf  of  Naples  (Giesbrecht),  off  Nice  (Glaus)].  Cape  Finisterre 
(Kroyer),  West  of  Ireland  (Brady  and  Robertson),  Shetland  Islands  (Nor- 
man), Faroe  Channel  (Brady),  south-west  and  south  of  Norway  (Boeck), 
Heligoland  (Glaus),  Wimereux  (Canu). 
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Acartia  Clausii,  Giesbrecht. — All  the  specimens  of  Acartia  observed 
beloDged  to  the  oue  species,  viz.,  A,  Clausii,  This  is  quite  a  distinct  form, 
especially  as  regards  the  structure  and  armature  of  the  fifth  feet,  and  in 
this  respect  it  differs  very  markedly  from  Acartia  longiremis,  Lilljeborg. 
So  far  as  known,  the  distributioti  of  Acartia  Clatisii  appears  to  be  even 
more  extensive  than,  though  probably  not  so  general  as,  Centropages 
tyjpicus.  The  area  of  its  known  distribution  includes  the  Mediterranean 
(Giesbrecht,  Claus,  tJourret,  t.  C.  Thompson),  Libreville,  Gaboon  River, 
West  Africa  (Mihi),  Canary  Islands  (I.  C.  Thoiripson,  "Wimereux  (Canu), 
Plymouth  (Bourne),  Loch  Fyne,  Scotland  (Norman),  t'irth  of  Forth, 
Scotland  (Mihi).  The  present  seems  to  be  one  of  the  most  northerly 
records  hitherto  reported  for  this  species. 

Oithona  (?)  similis,  Claus. — All  the  *  Research  '  specimens  of  Oitliona 
appear  to  belong  to  the  species  described  by  Dr  Giesbrecht  as  Oithona 
similis  J  Claus.  Dr  Giesbrecht  seems  to  consider  that  most  of  the  British 
records  of  Oitliona  spinifrons  are  referable  to  this  species,  and  he  is 
satisfied  that  Oithona  spinirostris,  Giesbrecht  is  also  identical  with  it 
The  authentic  distribution  of  Oitliona  similis  is  limited  to  a  compara- 
tively few  places ;  as,  for  example,  Nice,  Trieste,  and  Gulf  of  Naples  in 
the  Mediterranean  (Claus,  Car,  Giesbrecht),  Kieler  Fohrde  (Giesbrecht), 
Bay  of  Wisraar,  Baltic  (Brauii),  West  Baltic  (Hehsen),  the  Indian  and 
Pacific  Oceans  (Giesbrecht). 

Ectinosoma  atlantica  (Brady  and  Robertson). — This  minute  species 
has  to  all  appearance  a  world-wide  distribution.  Besides  the  various 
records  of  its  occurrence  around  the  British  Islands,  it  has  also  been 
reported  from  the  North  and  South  Atlantic  and  the  Pacific  Oceans 
(the  Gulf  of  Guinea,  West  Coast  of  Africa,  near  Ascension  Island  ;  and 
near  the  Galapagos  Island).  Ectinosoma  atlantica  is  so  minute  that  it 
has  doubtless  often  escaped  observation  :  it  is  sometiines  a  moderately 
common  species  in  Loch  Fyne. 

Fodon  intermedins,  Lilljeborg. — All  the  specimens  of  Podon  observed 
belonged  to  tbio  species,  which  is  readily  distinguished  from  P,  poly- 
phemoides  by  the  number  of  hairs  of  the  second  antenna— one  branch 
having  seveii  and  the  other  six  hairs. 

Parathemido  (?)  gradlipes,  Normatj. — None  of  the  specimens  of 
Parathemlato  obtained  appeared  to  be  mature,  but,  as  far  as  could  be  Inade 
out,  they  all  belonged  to  P,  gracilipes,  which  is  a  smaller  species  than 
P,  oblima. 
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XII.— THE  INVERTEBRATE  FAUNA  OF  THE  INLAND 
WATERS  OF  SCOTLAND.— PART  VII.  By  Thomas  Scott, 
F.L.S.,  Mem.  Soc.  Zool.  de  France.  (Plate  IX.) ;  including  AN 
ACCOUNT  OF  THE  EXAMINATION  OF  SOME  OF  THE 
LOCHS  OF  SHETLAND.  By  Thomas  Scott,  aud  Robert 
DuTHiB,  Fishery  Officer. 
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Preliminart  Remarks. 


This  paper,  as  indicated  by  the  title,  is  in  two  divisions  :  in  the  first, 
an  cu;count  is  given  of  all  the  lochs  (except  those  of  Shetland)  that  have 
been  examined  during  the  past  year  ;  while  a  description  of  some  of  the 
Shetland  lochs  is  contained  in  the  second  division. 

The  lochs,  exclosive  of  those  of  Shetland,  examined  during  1896,  were 
the  following:— (1)  Black  Loch,  (2)  Achy-Lochy,  and  (3)  Loch  Ruan,  in 
the  neighbourhood  of  Campbeltown  (Cantyre),  which  were  visited  in 
April.  (4)  Loch  Greenan,  and  (5)  Loch  Fad,  in  the  vicinity  of  Rothesay, 
Island  of  Bute,  also  visited  in  April.  (6)  Loch  Rescobie,  and  (7)  Loch 
Balgavie,  near  Forfar,  which  were  examined  in  September ;  and  (8)  Lin- 
lithgow Loch,  in  the  neighbourhood  of  Linlithgow,  examined  in  October. 
A  somewhat  interesting  tow-net  gathering  from  Loch  Frissa,  Island  of 
Mull,  was  also  sent  to  me  by  Dr  John  Murray ;  Diapfomtis  Wierzejskiiy 
Richard,  and  Daphnia  Jardinii,  Baird,  were  both  obtained  in  this 
gathering.  The  known  distribution  of  Diaptomtis  Wierzejskii  in  Britain 
is  as  follows  : — In  lochs  in  the  Shetland  Islands,  where  it  is  not  only  of 
frequent  occurrence,  but  is  the  only  member  of  the  genus  hitherto 
observed.  In  the  lochs  of  Barra  aud  North  XJist,  Outer  Hebrides,  where 
it  is  also  frequent,  and  in  a  small  loch  in  the  district  of  Assynt,  West 
Sutherlandshire ;  its  discovery  in  Loch  Frissa,  therefore,  extends  the  dis- 
tribution of  the  species  considerably. 

By  the  examination  of  these  lochs  a  few  important  additions  have  been 
made  to  the  fresh-water  fauna  of  Scotland  during  the  past  year :  these 
additions  include  a  s[>ecies  of  Cantkocamptua,  believed  to  be  new  to  science; 
a  species  of  Canthocampttis,  new  to  Britain ;  a  species  of  MorartUf  new  to 
Britain ;  and  a  species  of  Cydops,  that  also  does  not  appear  to  have 
hitherto  been  recorded  for  the  British  Islands.  A  species  of  Oydops,  new  to 
the  Scottish  fauna,  is  also  recorded.  The  discovery  of  these  things  is  the 
more  interesting  when  it  is  remembered  how  much  has  already  been  done 
in  the  investigation  of  the  fresh-water  fauna  of  the  British  Islands. 
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Notes  on  ^omb  Bragkish-Watbr  Speoibs. 

But  while  advantage  is  being  taken  of  the  opportunities  that  from  time 
to  time  occur  for  continuing  and  extending  the  investigation  of  the  fresh- 
water fauna  of  Scotland — an  investigation  that  is  becoming  of  some 
importance  in  view  of  the  increasing  interest  iu  the  Inland  Fisheries  of 
our  country — some  attention  has  also  been  given  to  those  aquatic  forms 
that  occupy  the  *  borderlaud '  between  what  are  truly  fresh-water  and 
truly  marine  conditions.  The  fauna  of  this  *  borderland  *  is,  especially  in' 
some  of  its  aspects,  peculiarly  interesting  to  the  biologist,  as  it  is  there,  if 
anywhere,  he  is  likely  to  meet  with  transition  forms  of  life. 

The  marshy  brackish-water  shores  of  the  Clyde,  to  the  west  of 
Langbank  on  the  south  side,  and  Dumbarton  on  the  north  side,  have 
recently  been  partially  examined,  and  also  some  marshy  ground  in  the 
vicinity  of  Clachlaud  Point,  Arran.  The  names  of  the  organisms  obtained 
at  these  three  localities  are  not  included  in  the  Table  of  distribution,  as 
that  Table  is  restricted  to  the  fauna  of  the  fresh- water  lochs,  but  these 
names  are  given  hero  instead.  Ouly  the  names  of  the  Crustacea,  however, 
are  given,  which  are  as  follows : — 

Gammams  lociista  (Linn^). — Very  common  in  pools  at  the  roots  of  the 
dense  vegetation  oii  the  shore  to  the  west  of  Dumbarton. 

Jcera  cUbifrons  (Montagu). — In  the  same  locality  with  the  Gammarus, 
but  nut  commun. 

SpJuBToma  (?)  rugtcatcdOj  Leach. — Also  occasionally  observed  with  the 
Gamniarus. 

Eurytemora  lacinvlata  (Fischer). — Near  Langbank,  in  brackish  water. 

Cyclops  hisetostiSy  Rehberg. — Near  Langbank,  in  the  same  localities  as 
the  last. 

Cyclops  bicuspidattiSf  Claus ;  var.  Luhhockiiy  Brady. — In  brackish  water 
at  Langbank,  and  near  Dumbarton ;  frequent. 

Cyclops  equoreicSf  Fischer. — Near  Langbank  ;  not  common. 

Tachulius  littoralis,  Poppe. — Near  Dumbarton ;  not  common. 

Ddavcdia  palicstris,  Brady. — In  brackish  water  on  the  shore  near 
Dumbarton. 

Canthocampttis  palustris,  Brady. — In  brackish  water  near  Langbank, 
and  also  near  Dumbarton. 

Canthocamptvs  hirticomiSy  T.  Scott. — Near  Langbank  ;  not  common. 

Laophonte  Mohammedj*  Richard. — In  brackish  water  near  Langbank  ; 
frequent. 

Platychelipus  Uttoralis,  Brady. — Near  Dumbarton  ;  not  common. 

Cyclocypris  serena,  Koch. — Near  Langbank,  in  brackish  water. 

•  LaophonU  Mohctmmedt  Richard. — ^This  si-ftcies  was  described  by  Dr  Richard  of 
Paris,  ill  1891  {Mem.  Soe.  Zool,  Frcmce^  vol.  iv.  p.  626,  pi.  vi.  figs.  1-16  (separate 
copy) )  ;  it  had  been  obtained  in  salt  lakes  in  Algeria.  In  November  1896, 
Mr  D.  J.  Scourfield  of  Loudon  recorded  its  discovery  in  a  marsh  at  Barmouth 
Junction,  North  Wales  {Jour.  Quekett  Microscop.  Club^  vol.  vi.  s.  ii.  p.  136,  pi.  viii. 
figs.  3-9  (separate  copy) ),  and  these  two  records  and  the  present  one  seem  to  he  all 
the  infonnation  we  at  present  hare  concerning  the  distribution  of  the  species.  I 
may  mention  that,  though  the  Clyde  specimens  are  identical  with  those  from  North 
Wales,  as  figured  by  Mr  Scourfield,  thev  differ  somewhat,  especially  in  the  structure 
of  the  first  swimming  feet,  from  Dr  Richard's  description  and  drawmffs.  I  therefore 
sent  a  few  of  the  Clyde  specimens  to  Dr  Richard,  and  he,  in  a  very  friendly  note  to 
roe  concerning  them,  says  that  in  his  opinion  they  are  of  the  same  s^iecios  as  that 
described  by  him,  and  that  the  difference  observed  in  the  Clyde  specimen  may  be 
aooounted  for  by  the  difference  in  the  habitat — that  they  are  simply  a  northern  form 
of  the  species  described  by  him. 
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Cj/prinotu8  prasinus  (Fischer). — Frequent  near  Laugbank;  Clachland 
Point,  Arran. 

Herpetocypris  reptans  (Baird). — Clachland  Point,  Arran  ;  scarce. 

Cypridopsis  aculeata  (G.  O.  Sare). — Near  Langbank  ;  freqaent. 

Candona  Candida  (Miiller). — Clachland  Point,  Arran,  and  near  Lang- 
bank. 

Candona  lactea^  Baird. — Near  Langbank,  in  the  brackish  pools. 

Cythere  pellucida,  Baird. — Near  Langbank,  and  near  Dumbarton. 

Cythere  gihbosa,  Brady  and  Robertson. — Near  Langbank;  not 
common. 

lAmnieythere  inopinata  (Baird). — Near  Lachland  Point,  Lamlash; 
scarce. 

Cytheridea  torosa  (Jones). — Brackish  water,  Dumbarton  ;  Laugbank ; 
Arran. 

DIVISION  L 

Pbscbiption  of  thb  Lochs  examinbd  during  the  past  tbab 
(exclusive  of  those  op  Shetland). 

(1)  Black  Loch,  near  Campbeltown. 

This  is  a  small  loch  among  the  hills  to  the  south  of  the  town ;  it  is 
surrounded  on  all  sides  by  bogland,  and  the  water  is  consequently  dark 
coloured.  There  appeared  to  be  an  abundance  of  micro-organisms  in  the 
water.  Several  interesting  Crustaceans  were  obtained  in  the  gathering  from 
this  loch,  and  included  such  forms  as  Moraria  Anderson'Smithi  ;  Cantho- 
camptus  minufuSy  Claus;  Candona  hyalina;  and  Alona  rvsHca,  Alona 
rustica  was  first  described  in  Part  iii.  of  the  Thirteenth  Anniutl  Report  of 
the  Fislhery  Board,  from  specimens  obtained  in  the  Outer  Hebrides  and  in 
Shetland,  and  this  is  the  only  other  record  of  its  occurrence  in  Scotland. 
Specimens  of  the  pretty  Sida  crystallina  were  also  observed  here.  The 
total  number  of  species  of  Crustacea  from  this  loch  is  twenty-seven. 
Mollusca  appeared  to  be  very  scarce. 

(2)  Achy-Lochy,  and  (3)  Loch  Ruan,  near  Campheltoton, 

These  two  small  lochs  are  situated  on  the  uplands,  a  short  distance  to 
the  north  of  Campbeltown ;  they  are  comparatively  near  each  other,  but  the 
first  occupies  a  slightly  lower  elevation.  Part  of  the  town  of  Campbeltown 
is  supplied  with  water  from  Loch  Ruan.  The  surroundings  of  these  lochs 
are  in  somewhat  marked  contrast  to  those  of  Black  LocL  There  is  a 
considerable  extent  of  pasture  land  in  the  vicinity  of  Achy-Lochy  and  Loch 
Ruan,  and  the  prospect  is  consequently  much  more  pleasing.  It  is  quite 
possible  that  the  difference  of  the  environment  may  react  on  the  fauna  of 
the  lochs,  f  wenty-five  species  of  Crustacea  were  observed  in  the  gather- 
ing from  Achy-Lochy,  but  only  twelve  in  that  from  Loch  Ruan.  Gam- 
marus  Duebeni  was  obtained  in  Loch  Ruan  ;  the  statoblasts  of  GristateUa 
muceda  and  of  Plumatdla  sp.  were  also  found  in  that  loch,  and  Diatoms 
were  numerous.     Nephelis  octoctdata  was  obtained  in  Achy-Lochy. 

(4)  Loch  Greenany  and  (5)  Loch  Fad,  Island  of  Bute. 

Both  these  lochs  are  interesting  hunting-grounds  for  the  naturalist. 
Many  rare  species  are  to  be  found  not  only  in  the  lochs  but  also  around 
their  shores.  Unfortunately,  when  visiting  the  lochs  in  April,  I  was 
able  to  make  only  a  purtial  examination  of  them,  and,  consequently,  could 
not  expect  to  be  bo  successfol  as  I  might  otherwise  have  been.     In  the 
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gathering  from  Loch  Greenan  collected  during  the  visit  referred  to, 
twejity-two  species  of  Crustacea  were  obtained,  and  nineteen  species  in 
the  gathering  from  Loch  Fad.  Two  of  the  species  from  Loch  f'ad  are 
new  to  Britain — viz.,  Canthocamptus  cuspidatus,  Schmei],  and  Moraria 
Poppet  (Mrazek). 

(6)  Loch  Rescobie,  and  (7)  JLoeh  Balgavie,  near  Forfar. 

The  overflow  water  from  Loch  Rescobie  runs  into  Loch  Balgavie,  and 
this  probably  may  account,  partly  at  least,  for  the  similarity  of  the  fauna 
of  the  two  lochs.  The  gatherings  collected  in  these  two  lochs  were  found 
to  be  exceedingly  rich,  both  in  the  number  and  variety  of  the  organisms 
captured ;  over  fifty  species  of  Crustacea  were  obtained  in  the  two  lochs, 
besides  fourteen  species  of  Mollusca.  The  number  of  species  of  Crus- 
tacea observed  in  each  of  the  two  lochs  is  practically  the  same.     Thus  : — 

Amphipoda,  .... 
Copepoda,  .... 
Ostracoda,  .... 
Cladocera,     .... 

Total,       .         .  44  43 

The  difference  in  the  number  of  Mollusca  was  very  marked,  eleven 
species  having  been  obtained  in  Loch  Bescobie  but  only  three  in  Loch 
Balgavie  :  this  difference,  however,  may  be  merely  accidental.  Cyclops 
vartcanSf  G.  O.  Sars,  one  of  the  species  of  Copepoda  found  in  these  lochs,  is 
new  to  Britain,  while  Canthocamptus  inomattis  is  new  to  science ;  leeches, 
water-mites,  hydra,  *  water-boatmen,'  Infusoria,  and  Diatomacea  of  various 
kinds,  were  also  more  or  less  common.  Mention  may  also  be  made  of 
Darmntda  Stevensoni — a  rare  Ostracod — which  was  obtained  in  both  lochs. 

(8)  Linlithgow  Loch,  in  the  neighbourhood  of  Linlithgow. 

Twenty-five  species  of  Crustacea  were  obtained  in  this  Joch.  Cantho- 
camptus inomatus,  the  species  already  referred  to  as  new  to  science  and 
first  discovered  in  the  two  lochs  just  described,  was  also  found  in  Linlith- 
gow Loch,  where  it  appeared  to  be  more  frequent  than  in  the  Forfarshire 
lochs.  This  was  the  only  loch  among  those  examined  during  the  past 
year  where  Oypris  reticulata  was  obtained. 

Loch  Frissa,  Island  of  Mull. 

Though  the  number  of  species  observed  in  the  tow-net  gathering  from 
this  loch  was  small,  the  occurrence  in  it  of  Diaptomus  Wierzejskei  is,  as 
already  indicated,  of  considerable  interest  as  regards  the  distribution  of 
the  species. 

The  following  table  contains  the  names  of  all  the  species  of  Mollusca 
and  Crustacea  that  have  been  observed  and  identified ;  it  also  shows  the 
distribution  of  the  species  in  the  various  lochs  referred  to.  The  total 
number  of  species  recorded  in  the  table  is  ninety-three — fifteen  of  which 
are  Mollusca,  and  seventy-eight  Crustacea.  The  Crustacea  include  two 
species  of  Amphipoda,  twenty-five  species  of  Copepoda,  twenty-one  species 
of  Ostracoda,  and  thirty  species  of  Cladocera.  It  will  be  understood  that 
only  those  species  obtained  in  connection  with  the  present  investigation 
are  recorded  here. 
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Table  containing  the  Names  of  the  Different  Species  of  Mollusca  and 
•     Crustacea  observed  in  the  various  Lochs  of  Scotland  referred  to  in 
the  preceding  Not^ ;    and   showing  also   the  Distribution  of  the 
Species  in  each  of  the  Lochs. 


Names  of  the  Species. 

Lochs  in  the 
vicinity  of 

Campbeltown 
(Cautyre). 

Lochs  in 

the 
Island  of 

Bute. 

Lochs 

in 
Forfar- 
shire. 

1 

g 

1 

X 
X 

Ii 

1j 

3^ 

II 

ja  5 

.si 

l| 

.1 

;3 

MOLLUSCA. 

Sphcerium  comeum  (Linn^), 
Pisidium  roseum,  Scholtz, 
Pisidium  pusillum  (Giuelin),    . 
ValvatapiscinalisiMsAX^T), 
'Falvaia  cristaia  (MUller), 
Planorbis  nitidus,  Muller, 
Planorbis  nautUeus  (Linne), 
Planorbis  albus,  MUller,   . 
Planorbis  contortus  (Linn6), 
Physa  fontinalis  (Linu6), 
Limncea  peregra  (Muller), 
Limnoea  palustris  (MUller), 
Limnoea  truncatula  (MuUer), 
Aneylus  lacustris  (Linne), 

CRUSTACEA. 

Amphipoda. 

Gammarus  pulex  (Linn^), 
Gammarus  Duebeni,  Lilljeborg 

COPEPODA. 

Diaptomus  gracilis,  G.  0.  Sai-H, 
/                      'ierzejsk-ii,  Richar* 
C                     Is  (Juriue), 
C                    us  (Juriue),    . 
C                     lus,  Fischer,  . 
C                    oidatus,  Claus, 
C                      lis  J  Fischer,    . 
C                    sus,  Rehberg, 
C                    iarti,  Claus,    . 
C                    lutu>s,  Fischer, 

•6                     ins,  G.  0.  Sara, 
C                    irus,  G.  0.  Sars, . 
C                    »,  G.  0.  Sara,  . 
C                    raius,  Koch,  . 
C                    iatus,  Fischer, 
C                    us  staphylinus  ( Ju 
CanJ.hocamptus  minutus,  Claus 
Canthocamptus  inomxUus,  sp.  r 

^Canthocamptus  cuspidatus,  Sch 
Attheyella  crassa,  G.  0.  isars, 
Attheyella  pygmoia,  G.  0.  Sara 
AUheyella  Zschokkei  (Schnieil), 
Moraria  Anderson- Smithif  T.  a 

Scott,        .... 
Moraria  brevipes,  G.  0.  Sara, 

"" Moraria  Poppei  [i/Lmzek),  . 
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*  Species  new  to  Britain. 
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Names  of  the  Species. 


Lochs  in  the 
vicinity  of 

Campbeltown 
(Oantyre), 


II 


Lochs  in 

the 

Island  of 

Bate. 


^f^ 


^1 


^1 


Lochs 

in 
Forfar- 
shire. 


OSTBAOODA. 

Oypria  ophthalmica  (JuriDe),    . 
Oyjnia  exsctUpta  (Fischer), 
Oyclocypris  IcBvis  (Mtiller), 
Cyelocypris  serena  (Koch), 
Cyclocyprie  globosa  (G.  0.  Sars), 
CyprU  reticulata f  Zaddach, 
herpetocypris  reptans  (Baird)    . 
Herpetocypris  strigata  (0.  F.  Mtiller), 
Ryodromus  Rohertsoni  (Brady  and 

Norman),         .... 
Oypridopsis  mXlosa  (Jurint), 
PUmocypris  vidua  (Mtiller), 
FotaTnocypris  fulva,  Bra«iy, 
Candona  Candida  (Mtiller), 
Candona  lactea,  lUird, 
Candona  (f)  compressa  (Koch),  . 
Candona  Kingsleii,  B.  &  K 
Ca/ndona  hyaZinat  B.  &  H., 
Ilyocypris  biplieata  (Koch), 
Darwinula  Stevensoni,  B.  and  R., 
lAmnieythere  inopinata  (Baird) 
Limnieythere  sancti-patricii,  B.  and 

K.. 


Cladocbra. 

Sida  erystallina  (Mtiller), 
Daphnella  brachytMra  (Li6vin), 
Ceriodaphnia  laticaudata, 
Citriodaphnia  rotunda^ 
Scapholeberis  mucronata  (Mtiller), 
Simocephalus  vetulus  (Mtiller), 
Daphnia  pulex  (Linn^),    . 
Daphnia  longispina^  Mtiller,     . 
Daphnia  Jardinii,  Baird, 
Bosmina  longirostris  (MtUler),  . 
Boamina  {?)  longispinaf 
Hyocryptus  sordidus  (Lievin),   . 
Buryeereus  lamellatus  (Mtiller), 
Acroperus  ?uirp<K,  Baird,    . 
Alonopsis  elongatttSt  ^*  0.  Sars, 
Alona  guttcUa,  G.  O.  Sars, 
Alona  coatata^  G.  0.  Sars, 
Alona  rustica^  T.  Scott,     . 
Alona  a  finis,  Ley  dig, 
Alona  quadrangularis  (Mtiller), 
A lonella  exigua  ( Lill jeborg), 
Alonella  nana  (Baird), 
Peraeantha  truneata  (Mtiller),  . 
PUuroxus  IcBviSf  Q,  0.  Sars, 
PUuroxus  trigonellus  (Mtiller), 
PUuroxus  uncinatus,  Baird, 
Chydorus  sphmricus  (Mtiller), 
Chydorus  barhatus  (Brady), 
Chydorus  (?)  ovalis,  Kurz, 
Leptodora  hyalina,  Lillejeborg  . 


(?) 
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NOTES  ON  SOME  OF  THE  SPECIES  RECORDED  IN  THE 
PRECEDING  TABLR 

Cbustacea. 

Gammarui  Duebeni,  LiUjeborg. 

As  haa  been  already  stated,  this  species  was  obtained  in  Loch  Roan, 
near  Campbeltown.  Loch  Ruan  is  situated  several  hundred  feet  above 
sea-level,  and  part  of  the  town  of  Campbeltown  obtains  its  supply  of  water 
from  this  loch ;  the  occurrence  of  Gammarua  Dvsheni  in  it  is  therefore  of 
interest,  as  it  tends  to  show  that  this  amphipod,  though  sometimes  ob- 
served in  brackish  water,  is  not  limited  to  such  conditions. 

Cyclops  Leuehartif  Claus,  PI.  IX.,  figs.  23-25. 

So  far  as  known  to  me,  this  species,  which  is  comparatively  a  small 
one,  has  not  before  been  recorded  for  Scotland.  It  belongs  to  the  group  of 
Cyclops  that  are  provided  with  seventeen-jointed  antennules,  and  is  readily 
distinguished  from  any  other  British  species  by  the  structure  and  arma- 
ture of  the  fifth  pair  of  thoracic  feet.  This  pair  of  feet,  which  are  of 
medium  size,  are  each  furnished  with  three  moderately  long  setee,  of 
neaiiy  equal  length :  one  seta  is  on  the  basal  joint,  and  two  are  on  the 
secondary  joint ;  one  of  those  on  the  secondary  joint  springs  from  a  lateral 
notch,  while  the  other  is  situated  at  the  apex  (fig.  24).  This  arrange- 
ment of  the  setse  of  the  secondary  joint  is  one  of  the  characters  that  dis- 
tinguishes Cyclops  Leucharti  from  Cyclops  oithonoides,  G.  O.  Sars.  In  this 
species,  which,  along  with  the  other,  has  been  obtained  in  England  by 
Mr  Scourfield,  both  setaB  spring  from  the  truncate  end  of  the  secondary 
joint.  In  living  or  in  well-preserved  adult  specimens  of  Cyclops  Leucharti^ 
there  is  a  peculiar  hiatus  or  notch  near  the  end  of  the  hyaline  niarginal 
membrane  of  the  last  joint  of  the  antennules :  this  is  not  shown  in  oar 
figure,  but  Dr  Schmeil  *  gives  an  enlarged  drawing  of  it.  It  was  also  dis- 
tinctly seen  in  one  or  two  of  the  specimens  from  Rescobie  Loch.  A 
few  of  the  specimens  from  Rescobie  also  carried  ovisacs. 

Cyclops  varicans,  G.  0.  Sars  (PL  IX.,  figs.  26-28). 

There  are  two  species  of  Cyclops  that  a  have  somewlmt  sipailar  appear- 
ance, and  require  careful  examination  to  distinguish  the  one  from  the 
other — viz.,  Cyclops  varicans^  G.  0.  Sars,  and  Cyclops  hicoloTi  G.  O.  Sars. 
Adult  female  specimens  of  Cyclops  varicans  may,  however,  be  distin- 
guished by  the  antennules  having  twelve  instead  of  eleven  joints  (fig, 
26) ;  and  by  observing,  in  the  fifth  pair  of  feet,  that  that  part  of  the 
basal  joint  intermediate  between  the  seta  on  that  joint  and  the  secppdary 
branch  is  not  so  prominently  produced  in  Cyclops  varicans  as  it  ia  in 
Cyclops  bicolor.  The  secondary  joint  of  the  fifth  pair  in  Cyclops  vari- 
cans is  small,  and  bears  only  one  seta ;  this  seta  springs  from  the  apex 
of  the  joint,  which  is  so  small  that  it  looks  as  if  it  were  n^erely  thp  basal 
part  of  the  seta  (fig.  27). 

Habitat, — Loch  Rescobie  and  Loch  Balgavie;  rare.  One  or  two  of 
the  specimens  carried  ova.  I  do  not  know  of  any  previous  British 
record  for  this  species. 

*  JktUsehlands/reileb.  Sussw.-Copep.,  Part  I.,  f\,  HI.,  fig.  8, 
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Cantlwcamjptus  cuspidatus,  Schmeil  (PI.  IX.,  figs.  21  and  22). 

1893.  Canthocamptus  cuspidatics,  Scbmeil,  *  Copepodes  des  Rhati- 
kon-Gebirges '  {Abhandl.  d.  Naturf  GesdUchaft  zu 
Halle,  Bd.  xix.),  p.  36,  taf.  iv.  (separate  copy). 

Habitat. — Loch  Fad,  Bute;  Loch  Venuachar,  Perthshire;  Loch  of 
Tingwall  (Scalloway) ;  and  Loch  of  Brough  (Bressay),  Shetland. 

Remarks. — During  the  past  year  a  fresh- water  Harpactid  was  obtained 
at  Loch  Fad  in  Bute ;  sometime  afterwards  this  was  identified  as  similar 
to  a  copepod  that  had  been  observed  in  Loch  Yennachar,  and  which,  in 
my  paper  on  the  *  Inland  Waters  of  Scotland,'  published  in  Part  III.  of 
the  Fourteenth  Annual  Report  of  the  Fishery  Board,  had  been  ascribed 
to  Attheyella  Macandrewae,  T.  and  A.  Scott  At  the  time  the  Loch 
Yennachar  specimens  were  examined  certain  differences  were  noticed 
between  them  and  the  typical  Attheyella  Macandrewce  from  Loch  na  Chaite 
on  Ben  Lawers;  but  it  was  considered  that  these  differences  might  be 
due  to  the  difference  in  habitat,  and  that  the  Loch  Yennachar  copepod 
might  be  only  a  variety  of  that  from  Ben  Lawers.  The  recent  discovery, 
however,  of  the  species  at  Loch  Fad,  has  led  to  its  re-examination ;  and 
I  have  also  recently  had  an  opporttftiity  of  consulting  a  work  by  Dr 
Otto  Schmeil  on  some  Copepoda  collected  by  Dr  F.  Zschokke  in  the 
RhsBtian  Alps  between  Austria  and  Switzerland ;  and  from  the  additional 
information  thus  obtained,  I  am  now  satisfied  that  the  Loch  Fad  species 
is  identical  with  that  described  by  Dr  Schmeil  as  Canthocamptus  cuspi- 
datusy  from  the  collections  of  Dr  F.  Zschokke  referred  to  above. 

It  may  also  be  mentioned  that,  so  far  as  I  can  judge,  the  Ben  Lawers 
Attheyella  Macandrmcce  seems  to  be  identical  with  Canthocamptus  rhca- 
ticus,  another  of  the  species  found  by  Dr  Schmeil  in  the  collections  from 
the  RhsBtian  Alps,  and  described  by  him  in  the  same  work  with  the  others.* 

The  disparity  between  Canthocamptus  rhceticus  and  Canthocamptus 
cvspidatvs  id  not  at  first  sight  very  apparent,  and  the  two  are  evidently 
closely  allied  species.  When,  however,  they  are  dissected  and  examined 
by  the  aid  of  the  microscope,  several  quite  distinct,  though  minute, 
differences  become  visible,  of  which  the  following  seem  to  be  the  most 
important  The  mandible-palp  in  Canthocamptus  rhceticus  is  only 
about  half  the  site  of  that  of  Canthocamptus  cuspidatus.  The 
proximal  joint  of  the  inner  branches  of  the  first  thoracic  feet  is  pro- 
portionally considerably  shorter  than  the  same  joint  in  Canthocamptus 
cuspidatusy  and  the  entire  inner  and  outer  branches  are  also  proportion- 
ally shorter.  In  the  fifth  pair  the  produced  inner  portion  of  the  basal 
joint  is  narrower  in  Canthocamjytus  rh/jeticus,  and  the  secondary  joint  is 
sub-quadrate  in  form ;  in  Cantliocamptus  cuspidatus  the  form  of  the 
secondary  joint  is  broadly  sub-ovate ;  the  difference  in  the  armature  of 
both  basal  and  secondary  joints  is  also  very  marked 

Several  of  the  Loch  Fad  specimens  of  Canthocamptus  cuspidatus  carried 
ova,  and  the  ovisacs  were  in  every  case  small,  and  contained  very  few 
but  comparatively  large  ova:  so  different  was  the  appearance  of  the 
ovisacs,  tnat  those  of  the  Loch  Fad  specimen  which  carried  ova  could  be 
distinguished  by  that  character  alone.  Figures  of  the  first  ^nd  fifth 
thoracic  feet  (female)  are  given  on  PL  lY.,  figs.  21  and  22. 

Canthocamptus  inomatuSy  sp.  n.  (PI.  IX.,  figs.  1-12). 

Description  of  tlie  Female. — Length  about  "85  (^V^^  ^^  ^^  inch). 

*  Copepodes  des  Rhdtikon'Oebirges^  p.  23,  taf.  ii.  (As  Canthocamptus  rhatticus, 
SohmeO,  was  pablished  in  1893,  and  Attheyella  MacaTidrewce  was  not  published 
till  the  following  year,  this  name  must  give  place  to  the  other. ) 
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Body  moderately  stout  and  elongate ;  the  various  segments  are  apparently 
devoid  of  the  usual  fringes  of  cilia  (fig.  1).  Autennules  somewhat  slender, 
eight-jointed  ;  the  first  four  and  the  last  joints  are  sub-equal  and  of 
moderate  length ;  the  fifth  joint  is  smaller  than  the  others ;  the  formula 
shows,  approximately,  the  proportional  length  of  the  joints : — 

Proportional  lengths  of  the  joints,  10  •  11  •  9  •  10  •  6  *  8  *  7  '  10  . 
Number  of  the  joints,  .       1*2*8*4*6"6*7*8. 

Antennae  elongate;  secondary  joint  small,  one-jointed,  and  armed  with 
four  spines  (fig.  4).  The  biting  part  of  the  mandibles  is  attenuated  and 
somewhat  feeble  ;  the  palp  is  two-jointed  and  furnished  with  a  few  set® 
(fig.  5).  The  first  pair  of  feet  are  elongate  and  slender ;  both  branches 
are  three-jointed ;  the  inner  branches  are  somewhat  longer  than  the 
outer,  and  the  first  joint  is  equal  to  about  one  and  a  half  times  the  length 
of  the  second ;  the  se  x)nd  and  third  are  sub-equal ;  a  moderately  stout 
seta  springs  from  near  the  middle  of  the  inner  edge  of  the  first  joint  > 
the  second  joint  bears  a  seta  on  the  inner  distal  angle ;  and  the  end  joint 
has  at  the  apex  a  smail  hair  and  two  spiniform  setSB— one  being  con- 
siderably longer  than  the  other ;  th^  joints  of  the  outer  branches  are  sub- 
equal  ;  the  marginal  spines  are  elongate  ;  and  the  middle  joint  is  provided 
interiorly  with  a  few  marginal  cilia,  and  has  also  a  small  hair  near  the 
distal  end  (fig.  7).  The  inner  branches  of  the  second,  third,  and  fourth 
pairs  are  short  and  two-jointed, — the  first  joint  being  very  small ;  the  outer 
branches  are  elongate  and  three-jointed.  In  the  fourth  pair  the  inner 
branches  scarcely  reach  beyond  the  end  of  the  first  joint  of  the  outer 
branches;  the  proximal  joint  of  the  inner  branches  is  very  small,  and 
bears  one  seta  on  the  inner  margin ;  while  the  elongate  end  joint  is  armed 
on  the  inner  margin  with  two  moderately  long  spines,  and  also  bears  one 
long  and  one  very  short  terminal  seta  (fig.  9).  The  fifth  pair  are  small ; 
the  basal  joint  is  somewhat  broadly  foliaceous,  and  scarcely  produced 
interiorly,  and  resembles  in  this  respect  the  basal  joint  of  the  fifth  pair  in 
CantJiocamptus  staphylinus ;  on  the  posterior  margin  of  the  basal  joint 
are  four  moderately  stout  setce, — the  two  middle  setaa  being  considerably 
longer  than  the  others ;  the  secondary  joint  is  of  an  oblong  form,  the 
length  being  equal  to  about  twice  the  breadth ;  its  armature  consists  of 
one  small  seta  near  the  distal  end  of  the  inner  margin,  two  small  setae 
on  the  outer  margin,  and  two  elongate  apical  setae  (fig.  10).  Caudal 
stylets  are  nearly  as  long  as  the  last  abdominal  segment,  and  the  prin- 
cipal seta  are  very  long  and  slender  (fig.      ). 

Description  of  the  Male. — The  male  is  similar  to  the  female,  except  in 
the  following  particulars  :  the  antennules,  which  are  modified  for  grasping, 
have  the  fourth  joint  delated  exteriorly  into  a  lobe-like  projection ; 
the  penultimate  joint  is  also  very  small  (fig.  3).  The  inner  branches  of 
the  third  pair  of  swimming  feet  are  three-jointed;  the  second  joint,  which, 
like  the  first,  is  very  small,  is  produced  interiorly  into  a  long  spine-like 
process  that  extends  beyond  the  extremity  of  the  third  joint ;  the  third 
joint,  which  is  equal  to  fully  twice  the  combined  lengths  of  the  first  and 
second,  bears  one  short  and  one  elongate  apical  seta ;  the  marginal 
spines  of  the  first  and  second  joints  of  the  outer  branches  are  strong  and 
slightly  curved  at  the  end  (fig.  8).  The  fifth  pair  are  very  small,  the 
ba^l  joint  being  almost  rudimentary ;  the  secondary  joint  is  ovate,  and 
provided  with  two  spiniform  and  two  slender  setae,  as  shown  in  the  draw- 
ing (fig.  11). 

Habitat. — Rescobie  Loch,  near  Forfar,  and  Linlithgow  Loch;  not 
very  rare. 
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Remarks, — The  species  now  described  may  be  distinj^juished  by  the 
structure  of  the  elongate  swimming  feet  and  by  the  form  of  the  fifth  pair. 
Since  the  discovery  of  this  species  in  Scotland  it  has  been  obtained  also 
in  Lancashire  by  my  son,  Mr  A.  Scott. 

Moraria  brevipes  (G.  0.  Sars). 

This  species,  which,  under  the  name  of  Ophiocampttts  brevipes,  was 
recorded  for  the  first  time  in  Part  III.  of  the  'Thirteenth  Anntml  Report 
of  the  Fishery  Board  for  Scotland,  from  specimens  obtained  in  Loch 
Lubnaig,  Perthshire,  was  discovered  last  year  in  Rescobie  Loch  and  Loch 
Balgavie,  near  Forfar.  It  appeared  to  be  more  frequent  in  these  two 
lochs  than  it  was  in  Loch  Lubnaig.  These  are  yet,  so  far  as  I  know,  the 
only  British  habitat-s  for  this  Copepod.  The  form  and  armature  of  the 
fifth  pair  of  feet,  taken  together  with  its  other  characters,  clearly  distin- 
guish this  from  other  British  fresh-water  Harpactids. 

Moraria  Poppei  (Marazek).  (PL  IX.  figs.  13-20). 

1893.  Ophiocamptvs  Poppei,  Mrazek,  'Beitrag  zur  Kenntniss 
der  Harpacticiden  Fauna  des  Siisswassers '  {!Zool,  Jahrh., 
Siebenter  Band),  p.  114,  taf.  5,  figs.  54-59. 

Description  of  the  Female, — Length,  -59  (y\  of  an  inch).  Dorsal  aspect 
of  body  narrow,  cyclindrical  (tig.  13).  Antennules  short,  seven- 
jointed,  joints  sub-equal.  The  formula  shows  the  different  lengths  of  the 
joints  of  the  specimen  figured  : — 

Proportional  lengths  of  the  joints,     .     10  •  7  *  6  *  6  '  6  •  6  •  8 
Number  of  the  joints,        .        .        .       l*2-3*4*5*6*7 

Antennae  short  and  stout,  secondary  branch  one-jointed  and  furnished 
with  three  setaa  (fig.  15).  Mandibles  well  developed,  palp  comparatively 
large  and  two-jointed  (fig.  16).  Posterior  foot-jaws  strongly  clawed. 
The  first  joint  is  also  armed  with  a  setiferous  spine  on  the  inner  distal 
angle  (fig.  17).  First  four  pairs  of  swimming  feet  short,  inner  branches, 
two  outer  branches  three-jointed.  In  the  first  pair  the  inner  branches 
are  nearly  as  long  as  the  outer  branches,  and  the  first  joint  is  stouter  than, 
and  nearly  twice  the  length  of,  the  last  joint  (fig.  18).  In  the  next  three 
pairs  the  inner  branches,  which  are  shorter  than  the  outer  branches,  have 
the  joints  sub-equal.  The  outer  branches  of  the  fourth  pair  are  pro- 
portionally rather  longer  than  those  of  the  first,  and  are  fully  twice  the 
length  of  the  inner  branches  (fig.  19).  The  basal  joint  of  the  fifth  pair  is 
comparatively  large  and  sub-triangular  in  form,  and  bears  several  small 
setsB  round  the  distal  end.  The  secondary  joint .  is  very  small  (fig.  20). 
Caudal  stylets  stout,  about  as  long  as  the  last  abdominal  segment. 

Habitat, — Side  of  Loch  Fad,  Bute ;  rare. 

Remarks, — ^The  above  description  and  drawings  had  been  prepared 
before  I  happened  to  observe  the  close  resemblance  between  this  Copepod 
from  Loch  Fad  and  Ophiocampttts  Poppei  described  by  Herr.  Aid. 
Mrazek,  who  discovered  that  species  in  a  brook  in  the  forest  at  St  Ivan, 
Pribram,  Bohemia.  Further  study  of  the  characters  of  the  two  forms 
leaves  no  doubt  in  my  mind  as  to  their  identity.  The  similarity  of  the 
form  and  armature  of  the  fifth  feet  is  remarkably  close ;  even  the  curved 
setae  at  the  apex  of  the  basal  joint  are  similar  in  the  specimens  from  Loch 
Fad  and  in  those  from  St  Ivan. 
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Oyclocypru  serena  and  Gyclocypris  Ubvis, 

In  the  Appendix  to  the  Second  Part  of  the  *  Monograph  of  the  Marine 
and  Fresh- Water  Ostracoda  of  the  North  Atlantic  and  North-Western 
Europe,'  by  Drs  Brady  and  Norman,  various  changes  in  the  nomenclature 
of  the  Ostracod-fauna  have  been  introduced,  in  order  to  bring  the  Mono- 
graph more  into  line  with  the  results  of  recent  investigations.  One  of  the 
effects  of  this  has  been  the  removal  of  the  two  species  referred  to  above 
from  the  genus  Qypria^  Zenker,  to  CyclocypriSy  Brady  and  Norman. 

Among  other  changes  introduced  in  the  Appendix  to  the  Monograph, 
the  following  have  reference  to  species  recorded  in  the  present  paper: 
Ilyodromas  Eobertsoni  (Brady  and  Norman)  =  Herpetocypris  Robertsoni, 
Brady  and  Norman. 

The  genus  Ilyodromas  was  instituted  by  Prof.  Sars  in  1894,  to  include 
one  or  two  aberrant  species  of  Herpetocypris,  and  Herpetocypris  Robert- 
soni was  one  of  these. 

Fionocypris  vidtui  (O.  F.  Miiller). 

This  is  recorded  in  previous  papers  as  Cypridopsis  vidua.  But  Drs 
Brady  and  Norman  have  now  instituted  the  new  genus  Fionocypris  for 
this  md  one  or  two  similar  forms. 

Candona  eompressa  (Koch). 

This  was  previously  recorded  as  a  form  of  Oandona  pubescens,  but  it  is 
now  considered  to  be  distinct. 

Eyocypris  biplicata  (Koch). 

Two  Ostracod  forms  have  been  described  under  the  name  of  Oypris 
(afterwards  Hyocypris)  gibba, — a  distinctly  tuberculated  form,  and  one 
only  bisolcated.  Prof.  Sars,  in  separating  these  two  forms,  retains  that 
which  is  tuberculated  under  the  old  name,  and  gives  to  the  simply  bisul- 
cated  form  the  name  of  llyocypHs  Bradii.  Drs  Brady  and  Norman, 
in  their  Appendix,  state,  in  referring  to  this,  that  if  the  simply  biseulated 
form  is  to  be  recognised  as  distinct,  it  should  bear  the  name  of  Hyocypris 
biplicata,  as  it  appears  to  be  identical  with  Koch's  specimens  of  that 
name.  The  specimens  from  Linlithgow  Loch  recorded  in  this  paper  are 
all  simply  bisulcated,  and  I  have  for  the  reasons  stated  recorded  them 
under  Koch's  specific  name.  The  only  locality  where  I  have  obtained 
typical  tuberculated  specimens  was  in  the  Union  Canal  near  Edinburgh. 

Darwinula  Stevensoni,  Brady  and  Robertson.  This,  which  is  compara- 
tively a  rare  species  in  Scotland,  was  obtained  sparingly  in  both  of  the 
Forfiurshire  Lochs  referred  to  in  this  paper. 

Alana  rustica,  T.  Scott. 

This  distinct  Cladoceran,  which  has  hitherto  been  obtained  only  in  lochs 
in  the  Outer  Hebrides  and  in  Shetland,  was  one  of  the  species  found  in 
the  gathering  from  Black  Loch  near  Campbeltown. 

Leptodora  hyalina^  Lil^eborg. 

Leptodora  occurred  in  the  gathering  from  Loch  Rescobie,  but  appeared 
to  be  very  rare.  It  is  probable,  however,  that  if  a  boat  and  tow-net 
ware  employed  in  the  examination  of  the  loch  it  might  be  found  to  be  more 
frequent 
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EXPLANATION  OF  THE  PLATK 
Platb  IX, 

GaiUhocavfvptvA  inomatuSj  sp.  n, 

Fig.  1.  Female,  side  view, 

Pig.  2.  Antenuule,  female, 

Fig.  3.  Antennale,  male, 

Fig.  4.  Antennae,  . 

Fig.  5.  Mandible  and  palp, 

Fig.  6.  Posterior  footjaw,   . 

Fig.  7.  Foot  of  first  pair  of  swimming  feet, 

Fig.  8.  Foot  of  third  pair  of  swimming  feet,  male. 

Fig.  9.  Foot  of  fourth  pair  of  swimming  feet,  female. 

Fig.  10.  Foot  of  fifth  pair,  female. 

Fig.  11.  Foot  of  fifth  pair,  male. 

Fig.  12.  Last  abdominal  segment,  and  caudal  sfcylets, 

Moraria  Poppei  (Mrazek). 

Fig.  13.  Female,  dorsal  view. 

Fig.  14.  Antennale, 

Fig.  15.  Antennae,  . 

Fig.  16.  Mandible  and  palp. 

Fig.  17.  Posterior  footjaw,   . 

Fig.  18.  Foot  of  first  pair  of  swimming  feet. 

Fig.  19.  Foot  of  fourth  pair  of  swimming  feet, 

Fig.  20.  Foot  of  fifth  pair,  .... 

Ganthocamptus  cttepidatuSf  SchmeiL 

Fig.  21.  Foot  of  first  pair  of  swimming  feet. 
Fig.  22.  J'oot  of  fifth  pair,  female,    . 

Gydops  Leitcharti,  Glaus. 

Fig.  23.  Antennule  of  female. 

Fig.  24.  Foot  of  fifth  pair  of  thoracic  feet,    . 

Fig.  25.  Caudal  stylets,        .... 

Cyclops  varicans,  G.  O.  Sars. 

Fig.  26.  Antennule  of  female, 

Fig.  27.  Foot  of  fifth  pair,  .... 

Fig.  28.  Caudal  stylets,        .... 
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An  Account  of  the  Examination  op  bomb  op  thb  Lochs  op 
Shetland.     By  Thomas  Scott  and  Robert  Duthie. 

Some  additional  work  has  been  done  during  the  past  year  in  continna^ 
lion  of  out  inquiry  into  the  freah-water  fauna  of  ihe  Shetland  Islands^ 
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and  some  important  additional  information  concerning  the  distribution  of 
the  MoUosca  and  Crustacea  has  been  obtained.  Owing,  however,  to 
pressure  of  other  work,  fewer  lochs  were  visited  last  year  than  formerly. 
Those  examined  were  all  in  the  vicinity  of  Lerwick,  and  are  described 
in  the  following  order : — 

I.    LOOHB  ON  THB  MAINLAND. 

(1)  Loch  of  Wick,  (2)  Gossa  Water,  (3)  Neugles  Water,  (4)  Lochs  of 
Tingwall  and  Asta,  (5)  Long  Lochs  and  Flossie  Loch,  (6)  Loch  of  Flad- 
dabister. 

IL  LooHs  OF  Brbssay. 

(1)  Aith  Loch,  (2)  Setter  Loch,  (3)  Brough  Loch. 

L    LoOHS   ON   THB   MAINLAND. 

(1)  Loch  of  Wicky  Shurton  HUl,  Lenoick, 

Examined,  3rd  August  1896. 

This  is  a  small  loch,  with  very  little  vegetation  of  any  kind.  It 
appears  to  be  subject  to  partial  evaporation  in  warm  weather.  When 
visited,  the  water  had  subsided  and  left  a  wide  margin  of  white  mossy 
sediment,  which  rendered  the  work  of  examination  rather  difficult.  Fauna 
were  not  very  plentifnl.     The  loch  is  about  350  feet  above  sea-leveL 

(2)  Chssa  Water,  Shurton  Hill. 

Examined,  3rd  August  1896. 

This  loch,  like  the  above,  which  it  adjoins,  has  also  a  high  altitude — 
some  400  feet  above  sea- level.  The  shores,  like  the  surrounding  hills,  are 
covered  with  deep  moss ;  but  algSB  were  growing  freely  in  some  places, 
and  fauna  were  fairly  plentiful.  The  water  seemed  to  be  much  deeper 
than  in  the  neighbouring  and  smaller  loch,  and  the  area  did  not  appear 
to  vary  much  from  evaporation  or  overflow. 

(3)  Neugles  Watery  near  Scalloway, 

Examined,  3rd  August  1896. 

This  loch,  like  the  others  visited  the  same  day,  was  examined  under 
favourable  atmospheric  conditions.  It  nestles  in  a  rather  pretty  situation 
on  the  top  of  the  hill  of  Steinswall,  between  the  valleys  of  Fitcb  and 
Tingwall,  and  has  an  altitude  of  220  feet — in  marked  contrast  to 
the  neighbouring  lochs  of  Asta  and  Tingwall,  which  are  only  26  and  28 
feet  respectively  above  sea-leveL 

(4)  Lochs  of  Asta  and  Tingwall, 

Examined,  16th  October  1896. 

These  lochs,  of  which  the  latter  is  over  a  mile  long,  are  well  known  to 
sportsmen  as  affording  excellent  trout-Ashing,  and  on  this  account  they 
are  much  frequented  by  anglers  dnriug  the  fishing  season.  The  Loch  of 
Tingwall  is  also  interesting  to  students  of  ancient  history  as  being  the  seat 
of  the  ancient  Law  Ting  or  Parliament,  which  met  on  a  small  holm  or 
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ifiland  near  the  centre.  The  lochs  are  quite  near  each  other,  connected 
by  a  fair-sized  bum,  and  they  have  many  points  of  resemblance.  The 
water  is  clear  and  transparent,  and  free  from  the  mossy  sediment  usually 
prevalent  in  Shetland  lochs.  The  shores  are  gravelly,  with  occasional 
stretches  of  rock,  and  there  were  few  aquatic  plants  to  be  seen.  The 
hand-net  was  used  along  the  whole  length  of  the  northern  shores  of 
both  lochs,  wherever  the  water  was  deep  enough  to  admit  of  it.  Free 
swimming  animalculse  were  very  scarce ;  the  specimens  obtained  were 
mostly  shell-fish  and  insect  larvse.  The  collections  from  the  two  lochs 
appeared  to  be  similar  in  many  respects.  As  the  season  was  far  advanced, 
the  day  cold,  and  the  lochs  and  burn  flooded,  the  examination  could  hardly 
be  considered  satisfactory.  A  visit  under  more  favourable  conditions 
might  yield  better  results. 

(5)  Long  Locks  and  Flossie  Loch,  GhUberwick, 

Examined,  10th  September  1896. 

These  are  three  small  tarns  lying  in  a  marsh  among  the  hills  west  of 
Gulberwick,  some  four  miles  from  Lerwick.  Though  rather  inaccessible, 
they  are  well  worth  a  visit,  and  they  are  a  favourite  resort  of  trout-fishers. 
None  of  the  Shetland  lochs  yet  visited  showed  such  a  profusion  of  aquatic 
plants,  and  the  fauna  appeared  to  be  both  abundant  and  varied.  The 
lochs  are  about  300  feet  above  sea-level. 

(6)  Loc^i  of  Fladddbister  (7  or  8  miles  S.  of  Lerwick). 

Examined,  10th  September  1896. 

This  loch  is  not  far  from  the  sea,  and  at  a  much  lower  elevation 
than  the  Flossie  Lochs.  It  looks  best  at  a  distance  :  a  closer  examination 
is  disappointing.  Its  shoi-es  have  a  desolate  appearance,  entirely  devoid 
of  plant  life,  and  fauna  seemed  extremely  scarce,  though  a  long  and 
careful  search  was  made  with  the  hand-net  all  round  the  loch.  The 
adjacent  ground  and  the  bottom  of  the  loch  are  covered  with  deep  moss ; 
the  shores  are  rocky,  without  a  trace  of  vegetation. 

II.  LooHs  OF  Bbssbat. 

All  the  lochs  in  the  north  part  of  Bressay  were  examined  last  year,  and 
described,  along  with  the  general  features  of  the  island,  in  the  Board's 
report  for  1895.  This  year  three  lochs  in  the  centre  of  the  island  were 
visited  and  examined. 

Aith  Loch, 

Examined,  15th  October  1896. 

The  Loch  of  Aith  lies  about  half  a  mile  inland  from  the  voe  of  the 
same  name,  and  at  an  altitude  of  70  or  80  feet  above  sea-level.  Like 
the  other  lochs  in  Bressay,  it  is  comparatively  small.  It  was  freer  from 
moss  and  mud  than  most  of  the  neighbouring  lochs.  AlgSB  were  growing 
freely  in  some  parts,  and  animalculsB  seem^  well  distributed  all  round 
the  margin.  The  loch  was  examined  about  noon,  the  day  being  fine,  with 
a  bright  sun. 

Loch  of  Setter, 

Examined,  15th  October  1896. 

The  Loch  of  Setter  is  43  feet  above  the  level  of  the  sea,  to  which  a 
burn  flows  through  it  from  the  Loch  of  Brough.     It  is  about  the  same 


Digitized  by 


Google 


330  Part  III. — Fifteenth  Annual  Report 

size  as  Aith  Loch,  but  shallower  about  the  margin  and  destitute  of  vegeta- 
tion. 

Loch  of  Brough, 

Examined,  15th  October  1896. 

Brough  Loch  lies  near  the  middle  of  Bressay,  at  an  elevation  of  77  feet. 
With  the  exception  of  the  Loch  of  Setter,  through  which  fish  must  pass  to 
it,  it  is  said  to  be  the  only  loch  in  Bressay  that  affords  good  trout^fishing. 
It  appeared  to  be  deeper  than  the  Loch  of  Setter,  and  was  less  barren  in 
appearance,  owing  to  the  presence  of  some  algSB  round  the  shores. 

PAUNISTIC   NOTES. 

A  detailed  list  of  the  species  of  MoUusca  and  Crustoeea  obtained  in  the 
lochs  examined  during  the  past  year  is  contained  in  the  annexed  table  of 
distribution,  but  the  following  short  description  of  the  contents  of  the 
gatherings  from  the  various  lochs  may  also  be  of  interest. 

Loch  of  Wick, 

Although  the  number  of  species  obtained  in  the  gathering  from  this 
loch  was  not  very  ^^ ^^j  i^  included  several  comparatively  rare  forms,  such 
as  Moraria  Anderson-Smithi  and  Acantholeberis  curvirostris.  In  this 
gathering  the  pretty  Graptoleberis  testudinarius  was  moderately  common. 

Oossa  Water. 

Four  species  of  Copepoda,  three  of  Ostracoda,  and  nine  of  Cladoeera, 
were  observed  in  the  gathering  from  this  loch.  Gammarus  ptdex  and  a 
single  species  of  Mollusca  were  also  obtained. 

Neugles  Water. 

Several  interesting  species  were  obtained  in  the  gathering  from  this 
loch,  especially  among  the  Cladoeera, — viz. :  Latona  setifera,  Drepanothrix 
dentata,  llyocryptvs  sardidvs^  Alona  intermedia^  and  Chydorws  globosus. 
Cytlieridea  lacmtris  (one  of  the  Ostracoda)  was  also  obtained. 

Lochs  of  Aeta  and  Tingtocdl. 

In  some  respects  the  gatherings  from  these  two  lochs  were  more  than 
usually  interesting.  Among  the  Mollusca  in  the  gathering  from  Loch  of 
Asta,  Planorbis  contortus  and  Flanorbis  glaber  were  obtained  for  the  first 
time  during  the  investigations  that  are  now  being  carried  on.  They  have 
both,  however,  been  recorded  for  the  Shetland  Islands  in  Dr  Jefibrey's 
British  Conchology.  CamptocercfM  macrurus,  one  of  the  Cladoeera 
obtained  in  this  loch,  is  one  of  the  species  now  recorded  for  the  first  time 
for  Shetland.  Other  interesting  forms,  such  as  Canthocampttis  hirticomis 
and  Ohydorus  globosus,  were  also  observed. 

In  this  gathering  from  Loch  of  Tingwall  were  Gammarus  Dueheni, 
Canthocampttis  hirticomis,  Ckmthocampius  cuspidattis  (this  is  an  interest- 
ing addition  to  the  fauna  of  Shetland),  Chydorus  globosus,  Ilyocypris 
biplicata,  and  Potamocypris  ftdva.  A  few  specimens  of  Jcsra  Nordmanni 
were  observed  in  this  gathering,  which  probably  had  been  accidentally 
inkodiwed. 
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Long  Lochs  and  Flossie  Loch, 

The  three  lochs  being  small  and  near  to  each  other,  the  gatherings  from 
them  were  not  kept  separate.  These  combined  gatherings  yielded  over 
thirty  species — sixteen  species  of  Cladocera,  nine  of  Copepoda,  four  of 
Ostracoda,  and  two  of  Mollusca.  One  of  the  species  of  ^MoUusca — Planorhis 
(dims — is  au  addition  to  our  previ«)us  lists,  so  also  is  Pleuroxus  trigonellus, 
one  of  the  Cladocera.  Cantliocamptus  hirticomis,  Latrona  setifera^  and 
Drepanothrix  dentata  were  also  observed. 

Loch  of  Fladdahister. 

Fewer  species  were  obtained  in  the  gathering  from  this  loch  than  in  any 
of  the  others.  Ten  species  in  all  were  obtained,  comprising  five  species  of 
Copepoda,  four  of  Cladocera,  and  the  Amphipod  Gammarus  LhiehenL 

Aith  Loch,  Bressay. 

Thirteen  species  (all  Crustacea)  were  obtained  from  the  gathering  from 
this  loch,  but  though  there  was  not  such  a  variety  of  forms  as  in  some  of 
the  other  lochs,  some,  at  least,  of  the  species  were  more  or  less  uncommon. 
Gammarus  Duebeni,  Attheyella  pygmcea,  Diaptomus  Wterzejskii,  and 
Ghydorus  glohosus  are  the  names  of  some  of  the  species  found  in  Aith 
Loch. 

Loch  of  Setter^  Bressay. 

In  this  gathering  twenty-two  species  were  obtained,  including  two 
species  of  Molluscs,  Gammarus  (?)  pulex,  nine  species  of  Copepoda,  and 
ten  species  of  Cladocera.  Cantliocamptus  cuspidatus  was  one  of  the 
Copepods  obtained  here. 

Loch  of  Brough,  Bressay. 

Twenty-three  species  of  Crustacea  were  obtained  in  this  loch,  including 
the  two  somewhat  rare  forms,  Canthocamptus  cuspidatus  and  Campto- 
cercus  macrurus.     No  Mollusca  were  observed. 

Insect  larvae,  water  mites,  beetles,  Bhizopods,  Diatoms,  etc.,  were  ob- 
served in  several  of  the  gatherings,  but  have  not  yet  been  identified. 
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Table  coutainiug  the  uames  and  showing  the  distribution  of  all 
the  species  from  the  Shetland  lochs,  described  in  the  preceding  pages. 


Names  of  the  species. 

LooHS  ON  THX  Mainland. 

Lochs 
OP  Brsssay. 

1 
1 

C5 

1 

t 

J 

t 

1 

•5 

i 

i 

MOLLUSCA. 

Piaidiwn        punUum, 

JeDyus, 
Planorbis        natUileus 
rLinn^),        .       .       . 
•Pten<>rW«a/6t«.  Muller. 
•Planorhia    glaber,    Jeff- 
leys,      .... 
*Planorbi$        eontortvs, 
Liun^ 

(MttUer).      .       .       . 

CRUSTACKA. 

Amphipoda. 

Oammarvs      Duebeni, 

liilljeborg,    . 
Oammcmupulex  (Linni) 

COPKPODA. 

Diaplomus  WUrzejskii, 
Richard.       .       .       . 
Cyclops  mridis  (Jurine), 
Cyclops  nlbidus  (Jurine), 
Cyclops  strenuus,  Fischer 

Fischer, 
*Oyclops  affinis,  G.  0.  Sar» 
Cyclops        fimbriatus, 

Fischer, 
Canthocamptus  staphy- 

/ini*»  [Jurine), 

eomis,  T.  Scott, 
*CafU?hocamptus     cuspi- 

dolus,  Schmeil,  . 
AUheyella  erassa  (G.  0. 
Sars 

0.  Sars,        .       .       . 

AUheyella        Zehokkei 

(SchmeU),    .       .       . 

/^mif^t.T.  &A.Scott, 

> 

> 

5 
3 
3 

: 

> 

> 
> 

> 
> 

X 

X 
X 

X 
X 

X 

X 
X 

X 

X 

X 
X 

X 

X 
X 
X 

X 

(?) 

X 

X 
X 

0) 

X 
X 
X 

X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 

X 

X 
X 
X 

X 

X 
X 

X 

X 
X 

X 

X 

X 
X 

X 
X 

X 

* 

X 
X 

(t) 

X 

X 

X 
X 
X 
X 
X 

(t)x 

X 

X 

X 
X 

X 

X 
X 
X 

X 
X 

The  specias  ao  marked  h«ye  not  been  recorded  in  preyioaa  liata. 
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Names  of  the  Species. 

Lochs  on  the  Mainland. 

Lochs  of 
Bressay. 

i 

o 

1 

1 

1 

s 

1 

a> 

B 

}1 

1 
J 

1- 

II 

k 

s*^ 

< 

1 

1 

•a 

1 

OSTRAOODA. 

Oyelocypris  Ictvis  Mliller) 
Oypria        ophthalmica 

(J  urine), 
Herpetoeypris     reptans 

(Baird),        .       .       . 

ine) 

*Ilyocypri8  gibba  (Ram- 

dobr),   .       . 

*Fotamocypris       fulva^ 

Brady,  .... 

Candona  Candida  (Mtil- 

ler),       .... 

Cytheridea  lacustris  (G. 

0.  Sara),       .       .       . 

Gladocera. 

Latona  seH/era  (Miller), 
Bosmina      Umgirostris 

(MUller),       .       .       . 
Drepanothrix     dentata 

(Euren),       .       . 
AcanihoUberis  eurviroa- 

trU  (MUller), 
riyocryptua       sordidus 

(Lievin), 
Ceriodaphnia  quadran* 
gula,       .... 
Daphnia        lotf^gispina 

(MtUler),      .       .       . 

Euryeercus    lamellaius 

(MUller),        .       .       . 

*Camptocircu8  macrurus, 

*Fleuroxus  trigondlus^  . 
Alonopsis   elongcUa,  6. 

0.  Sara,                .       . 
OraptoleberU    testudin- 

arttw  (Fischer),  . 
Jlona  affinis, 
Alona   quadrangularis 

(MUller),      . 
Alona  inteimiedia,  G.  0. 
SarK,   .           . 

Alona  guttata,  G.  0.  Sara 
Alondla  exigua  (Lillje- 

borjr),    .       .        •       . 
Al(mellananM{hA\Td)f  . 
Harporhynchus  fcUcatus, 

G.  0.  Sara,   .       .       . 
Chydorus  globosus',  Baird, 
Chydorus  spJiasricus  (0. 

K.  MUller).  . 
Chydorus          barbatus 

Brady,  .... 
Polyphemus    pedietUus 

(DeGeer),    .       .       . 
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XIII.— THE  CURRENTS  OF  THE  NORTH  SEA,  AND  THEIR 
RELATION  TO  FISHERIES.  By  Dr  T.  Wemyss  Fulton, 
F.R.S.E.,  Scientific  Superintendent  (Plates  X.,  XI.). 
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I.  INTRODUCTION. 

In  recent  years  the  attention  of  a  number  of  investigators  has  been 
directed  to  the  hydrography  of  the  North  Sea,  and  several  inquiries  and 
series  of  observations  have  been  made  with  the  object  of  determining  its 
principal  physical  conditions  at  different  seasons  and  in  successive  years, 
with  especial  relation  to  the  movements  of  its  waters.  The  most  important 
investigations  on  the  subject  have  been  made  by  the  eminent  Swedish 
scientists,  Professor  Otto  Pettersson  and  Dr  Ekman,  who  have  succeeded 
in  throwing  a  great  deal  of  light  on  the  physical  changes  which  take  place 
in  the  Kattegat,  Skagerrak,  and  adjoining  areas ;  and  apparently  in 
correlating  them  with  the  herring  and  mackerel  fisheries.  At  their  initia- 
tive approximately  simultaneous  observations  were  carried  on  in  1893 
and  1894  by  Danish  and  Swedish  vessels  in  the  Kattegat  and  Skagerak 
by  H.M.S.  *  Jackal '  in  the  Faroe-Shetland  Channel,  and  in  other  parts 
of  the  North  Sea  by  Norwegian  and  German  vessels ;  and  several  pre- 
liminary reports  embodying  and  discussing  the  observations  have  been 
published. 

The  method  adopted  in  these  hydrographic  researches  consists  essen- 
tially in  the  determination  of  the  salinity  and  temperature  of  the  water  at 
various  depths  in  different  localities,  and,  as  far  as  possible,  at  the  same 
time,  so  as  to  obtain  a  simultaneous  record  of  the  conditions  over  the  whole 
area.  The  waters  which  enter  the  North  Sea  and  may  circulate  within  it 
come  from  two  great  sources,  the  ocean  on  the  one  hand  and  the  Baltic  and 
fresh-water  rivers  on  the  other  j  and,  since  these  waters  differ  in  salinity 
and  temperature  according  to  their  source,  it  is  possible,  by  com- 
paring the  temperature  and  salinity  observations,  to  trace  the  course 
and  extent  of  their  movements.  For  this  purpose  it  is  obviously 
necessary  to  have  both  simultaneous  observations  over  a  wide  area, 
and  a  series  of  such  observations  in  different  seasons  and  in  successive 
years.  The  final  results  of  the  work  already  accomplished  have  not  yet 
been  published,  but  Mr  H.  N.  Dickson  is  now  engaged  in  preparing 
synoptic  charts. 

Another  method  of  tracing  the  movement  of  the  water  is  by  a  study  of 
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the  organisms  which  are  suspended  in  it,  and  carried  by  it,  especially  the 
diatoms  and  minute  plant  life.  If,  for  instance,  a  series  of  floating  forms 
which  are  usually  absent  from  one  region  and  normally  abundant  in  an- 
other region,  suddenly  make  their  appearance  in  numbers  in  the  former,  it 
ofifers  very  strong  evidence  that  there  has  been  a  movement  of  the  water 
from  one  to  the  other.  This  branch  of  inquiry  is  being  pursued  by  Pro- 
fessor Cleve  of  Upsala,  in  connection  with  the  investigation  of  the 
currents  in  the  North  Sea. 

A  third  method,  somewhat  akin  to  the  last  mentioned,  consists  in  the 
employment  of  floating  bodies,  usually  bottles,  whose  place  and  time  of 
immersion  are  known,  and  which  can  be  suDsequentty  identified  when 
they  are  recovered.  It  is  a  method  regularly  used  in  the  Atlantic  by 
the  United  States  Hydrographic  Office,  and  by  the  Deutsche  Seetcarte 
of  Hamburg.  It  was  also  employed  by  the  Prince  of  Monaco  in  connec- 
tion with  the  movement  of  the  Gulf  Stream*  and  by  various  others.! 
It  is  the  system  which  has  been  adopted  in  the  experiments  made  by 
the  Fishery  Board,  the  results  of  which  are  given  in  the  present  paper. 
This  mode  of  ascertaining  the  direction  and  rate  of  surface  currents 
appears  at  first  sight  to  be  simple,  and  it  is  comparatively  inexpensive, 
but  it  may  be  open  to  objection  on  several  grounds.  In  the  first  place, 
if  the  floating  body  is  not  completely  submerged  it  will  be  directly  acted 
on  by  the  wind,  which  may  drive  it  in  a  direction  different  from  that  of 
the  moving  water ;  and  the  extent  of  the  wind-action  will  largely  depend 
upon  the  proportion  of  the  surfaces  exposed  and  submerged.  In  the 
second  place,  even  although  completely  submerged,  one  cannot  always  be 
certain  of  the  exact  route  taken  by  an  individual  float  between  the  point 
where  it  was  put  into  the  water  and  the  point  where  it  was  picked 
up,  or  as  to  the  time  it  may  have  lain  upon  the  beach  before  being 
observed.  The  course  may  have  been  irregular  or  zig-zag,  and  the 
lapse  of  time  between  the  stranding  and  recovery  of  the  float  may 
be  considerable.  But  the  force  of  these  ofcjections  may  be  greatly 
diminished  by  due  care  and  by  a  study  of  the  winds  during  the  period 
of  flotation,  and  by  a  multiplication  and  comparison  of  the  observations. 
Conclusions  based  upon  isolated  experiments  may  be  erroneous,  but  when 
the  same  results  are  obtained  in  dozens  or  hundreds  of  experiments,  ex- 
tending over  a  long  time,  the  conclusions  to  be  drawn  from  them  become 
much  more  certain. 

Two  kinds  of  floats  were  employed  in  the  experiments,  namely,  bottles 
and  slips  of  wood ;  the  former  gave  by  far  the  best  results,  judged  by 
the  percentage  of  those  recovered.  The  bottles  (fig.  1)  were  made  of 
coarse  glass,  they  were  wide-mouthed,  and  of  ounce  size,  and  in  each 
was  placed  a  card  bearing  a  number,  and  printed  directions  in  three 
languages — English,  Danish,  and  German — requesting  that  it  should 
be  I'etumod  to  the  writer,  with  a  statement  of  the  place  and  date  of 
recovery.  The  card  and  the  cork  were  dipped  in  melted  paraffin-wax,  and 
the  buoyancy  of  each  bottle  was  tested  in  a  pail  of  sea  water.  Soft  lead 
wire  was  then  wound  round  the  neck,  sufficient  to  submerge  the  bottle 
flush  with  the  surface ;  in  a  few  cases  where  it  was  exceptionally  heavy, 
cork  was  tightly  tied  to  it  by  silk  cord  (which  has  been  proved  to  resist  the 
action  of  sea  water  for  years)  until  the  same  degree  of  buoyancy  was 
obtained.  The  slips  of  wood  (fig.  2)  were  six  inches  long,  one  inch  broad, 
and  I  of  an  inch  thick.  They  were  immersed  in  melted  paraffin,  the 
printed  card,  also  coated  with  paraffin,  and  a  small  square  piece  of 

•  Sur  le  Gulf  Stream,  Recherchos  pour  ^tablir  sea  rapports  avec  la  cdta  do  France, 
1S85  ;  and  varioas  sabseqnent  papers  in  the  Comptes  rendusde  VAcad4mic  dcs  Sdence, 
t  M.  J.  Thoalet,  OcMQographic,  premiere  partie,  1806. 
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sheet-lead,  sufficient  to  all  but  submerge  the  wood,  were  then  securely 
tacked  on  to  one  side,  and  another  card  to  the  other  side ;  and  the  whole 
was  again  dipped  in  paraffin.  The  object  was  to  render  it  impervious  to 
water  while  allowing  the  print  to  be  read  through  the  translucent  layer. 
So  long  as  they  were  floating,  the  drift-slips,  as  a  rule,  answered  well,  as 
was  shown  both  by  direct  experiments  and  by  many  of  the  results.  But 
when  they  lay  on  the  beach  for  any  length  of  time,  subjected  to  the 
tossing  action  of  the  waves  and  friction  and  abrasion  on  stones  and  sand, 


Fio.  1. — Showing  the  two  forms  of  float  adopted  in  the  experiments. 

the  paraffin  was  apt  to  be  more  or  less  worn  ofif  and  the  print  partially 
obliterated.  At  first,  too,  another  difficulty  was  encountered.  The 
paraffin  and  paper  proved  attractive  to  minute  animals  on  the  shore — pro- 
bably Crustacea,  such  as  Taiitnts,  which  abounds  in  most  places — and  they 
were  eaten  off,  leaving  curious  patterns ;  mixture  of  creosote  and  carbolic 
acid  with  the  paraffin  obviated  thiu  difficulty.  As  has  been  said,  however, 
the  wooden  slips  did  not  give  such  good  results  as  the  bottles. 

These  floats  were  meant  to  ascertain  the  movement  of  the  surface 
water.  *  Latterly,  it  was  deemed  expedient  to  discover,  if  possible,  whether 
the  bottom  water  and  the  intermediate  layers  moved  in  the  same  direction 
as  the  surface.  A  number  of  wooden  slips  were  accordingly  weighted  so 
as  to  sink  gently  to  the  bottom,  but  none  have  been  recovered  ;  pro- 
bably owing  to  the  influences  above  alluded  to.  Bottles,  carefully 
arranged  to  resist  pressure,  and  tested  first,  were  also  loaded  with  the 
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same  object,  and  two  have  been  recovered.  The  few  experimeuts  made  to 
ascertain  the  drift  of  the  intermediate  layers  were  also  unsuccessful. 

The  object  of  the  experiments  was  to  ascertain  the  direction  and  rate 
of  the  currents,  especially  on  the  east  coast  of  Scotland,  in  connection 
with  certain  fishery  questions.  The  most  important  of  these  concern  the 
transport  or  carriage  of  the  floating  eggs  and  larvsB  of  the  food  fishes 
from  the  areas  where  they  are  shed  to  the  areas  where  the  young  fishes 
begin  their  independent  Hfe.  It  is  now  well  known  that  the  eggs  of  all 
the  food  fishes,  with  the  exception  of  the  herring,  skates,  and  ra3r8,  are 
pelagic,-%nd  after  being  emitted  into  the  water  float,  separate  and  isolated, 
in  the  upper  layers.  This  is  so,  for  instance,  with  the  eggs  of  the  cod, 
haddock,  whiting,  coalfish,  and  all  the  flat-fishes.  It  has  also  been  proved 
by  the  researches  of  the  '  Garland '  that  almost  all  these  fishes,  and  all 
the  important  ones,  do  not  shed  their  eggs  within  the  three-mile  limit  on 
the  east  coast^  but  that  they  do  so  beyond  that  limit,  and  probably  in 
many  cases  up  to  a  considerable  distance  from  the  shore.^  It  has  further 
been  shown  by  the  researches  of  the  '  Garland '  that^  in  many  cases,  the 
habitat  of  the  very  yoimg  fishes,  when  they  are  assuming,  or  have  just 
assumed,  the  character  of  the  adult,  is  in  the  shallow  inshore  waters. 
While  the  great  spawning  grounds  are,  therefore,  in  the  offshore  waters 
the  '  nurseries '  are,  in  many  cases,  in  the  shallow  water  along  the  shores, 
and  the  floating  eggs  and  the  larvsB  may  be  obtained  by  the  tow-net 
within  the  three-mile  limit,  whither  they  have  been  carried  by  the 
currents  from  areas  further  out.  A  study  of  the  course  of  the  currents 
along  the  coast  is  thus  of  importance  to  enable  us  to  trace  this  connec- 
tion. It  has  been  frequently  proposed  to  protect  during  the  spawning 
time  parts  of  the  areas  where  the  important  food  fishes  spawn,  mainly 
with  the  view  of  increasing  the  abundanee  of  the  fishes  in  inshore  waters. 
In  such  a  case  it  is  obviously  desirable  to  be  able  to  establish  the 
relationship  between  the  ofishore  area  and  the  inshore  grounds.  It  will 
be  seen  later  that  owing  to  the  course  of  the  prevalent  current  the 
spawning  area  which  stands  in  relation  to  anv  part  of  the  territorial 
waters  on  the  east  coast,  is  not,  as  a  rule,  ex  adverso  of  the  latter,  but  lies 
to  the  northward  of  it,  and  may  be  a  considerable  distance  off!  In  con- 
nection with  this  part  of  the  subject  it  is  necessary  besides  considering 
the  rate  of  the  current  to  consider  also  the  natural  rate  of  development  of 
the  floating  eggs  of  different  species.  If  a  current  goes  in  a  definite 
direction  at  the  rate  of,  say,  three  miles  a  day,  and  a  pelagic  egg  trans- 
ported by  it  takes  twenty  days  to  hatch,  the  egg  will  be  carried  in  the 
interval  sixty  miles  from  the  place  where  it  was  shed  into  the  water 
to  the  place  where  the  larval  fish  emerges.  The  larval  fish,  which,  for 
some  time,  is  practically  inert  and  helpless  after  issuing  from  the  egg, 
may  be  carried  a  considerable  distance  farther  before  it  is  able  to  make 
its  way  against  the  current.  The  duration  of  the  development  within  the 
egg  varies  in  different  species,  principally  in  accordance  with  the  size  of 
'  the  egg,  and  it  also  varies  directly  with  the  temperature.  These  factors 
were  explained  in  the  author's  preliminary  paper  on  the  subject,!  and  they 
will  be  more  fully  dealt  with  later  in  the  present  one. 

The  determination  of  the  currents  in  the  sea  may  also  be  of  importance, 
from  the  fishery  point  of  view,  in  other  directions.  They  are,  for  example, 
effective  in  carrying  the  smaller  organisms  suspended  in  the  water,  and 

*  T.  Werayss  Fulton,  **The  Spawning  and  Spawning  Places  of  Marine  Food 
Fishes,"  Part  iii.,  Eighth  Annual  tteport^  p.  257. 

t  ''The  Relation  of  Marine  Carrents  to  Offshore  Spawning  Areas  and  Inshore 
Nuraeriea,"  Thirteenth  Annual  Report,  Fishery  Board  for  Scotland,  Part  HI.,  pp. 
163,  167  (1896). 
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which  form  a  principal  source  of  the  food  of  pelagic  fishes,  as  the  herring 
and  mackerel,  as  well  as  of  the  larval  and  post-larval  stages  of  many  other 
forms.  They  appear  also  to  be  correlated  with  the  distribution  of  certain 
species,  which  are  not  in  their  adult  condition  subjected  to  their  drift- 
action.  It  is  not  improbable  that  the  successive  appearance  of  the  shoals 
of  herrings,  whose  presence  gives  rise  to  the  spring  fishing  on  the  western 
and  northern  coasts  of  Scotland,  the  summer  fishing  on  the  east  coast  of 
Scotland,  and  the  autumn  fishing  off  the  Norfolk  coast,  is  connected  with 
the  existence  of  the  current  which  will  be  shown  to  exist  pjir^dlel  to  these 
coasts,  and  which  moves  in  the  same  direction.  Moreover,  ^  kno^edge  of 
the  currents  referred  to  mav  help  to  explaip  the  formation  of  banks,  espe- 
cially in  the  southern  and  eastern  parts  of  the  North  Sea,  which  are 
frequented  by  great  numbers  of  the  food  fishes. 

This  paper  will  therefore  deal,  in  the  first  pUce,  with  the  movepaents  of 
thq  surface  water  in  the  North  Sea,  as  shown  by  the  drift-bottles  and 
drift-slips,  and  their  relation  to  tides  and  winds ;  and,  in  the  second  place, 
with  the  effect  of  these  movements  so  far  as  concerns  the  sea  fisheries. 

II.  THE  DIRECTION  AND  BATE  OF  THE  OUHRENTS, 
(1)  The  Oourse  of  the  Drifiert, 

The  experiments  were  begun  in  September  1894,  and  have  been 
continued  up  to  February  of  the  present  year  (1897),  thus  embracing  a 
period  of  about  two  years  and  a  half.  During  this  time  the  number  of 
bottles  set  adrift  in  the  North  Sea,  or  to  the  north  and  west  of  it,  was 
90f4,  and  the  number  of  wooden  slips  set  adrift  ¥Fas  1479;  about  14 
per  cent,  have  up  to  the  present  been  recovered,  the  great  majority 
Deing  bottles.  There  is  evidence,  which  need  not  be  particularised, 
that  all  the  drifters  which  were  found  were  not  returned.  Moat 
of  them  were  put  overboard  from  the  fishery  steamer  *  Garland,'  others 
by  IJ.M.S.  ♦Jackal*  and  H.M.S.  'Research,'  others  by  fishing-boats 
engaged  in  the  deep-sea  fishery ;  many  by  the  steamers  belonging  to 
Messrs  Ourrie  <fe  Co.,  Leith,  while  on  their  passage  to  Christiansund  and 
Hamburg;  by  the  steamers  belonging  to  Messrs  Geo.  Gibson  &  Co., 
Leith,  on  their  voyage  to  Rotterdam,  and  by  steamers  belonging  to  the 
North  of  Scotland  Steam  Shipping  Company. 

The  courteous  assistance  thus  rendered  by  the  firms  and  gentleman 
nametd  materially  aided  the  work 

In  almost  all  cases  a  number  of  drifters,  from  three  or  four  to  over 
twenty^  were  thrown  overboard  at  the  same  place;  and  in  the  Tables 
appended  to  this  paper  (p.  377)  the  dates  and  places  of  immersion  and 
recovery  are  given.  The  area  where  they  were  put  into  the  aea  extends 
from  between  the  Shetland  and  Faroe  Isles  on  the  north  to  a  line  Funning 
from  a  point  off  Plamborough  Head  to  the  Hook  of  Holland  on  the  south. 
The  great  majority  were  put  away  on  the  east  coast,  but  a  oonsiderable 
number  also  at  intervals  along  lines  between  the  Isle  of  May  on  the  one 
hand  and  Christiansund  and  Hamburg  on  the  other.  The  following 
shows  the  numbers  put  away  in  the  various  months  of  the  period : — 

Jan.     Feb.    Mar.    Apr.   May.    June.    July.  Aug.   Sept.  Oct  Nov.  Doc. 

1894, 24  180  lU  59 

1896,    88   127   224   70    26    .     50   1Q5    .  .     .  . 

1896.         *    204    4    98   175   310   540  558  W  282 

i89r,      ;io 

The  number  set  adrift  on  the  east  poast  of  Scotland,  within  20  iaU«8 
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of  the  ahoro,  aouth  of  Diuicanaby  Head,  Caithneas,  was  1864 ;  (be  Qvniber 
set  adrift  in  the  Deighbourhood  of  the  Shetland  and  Orkney  Itiles  was 
369 ;  the  number  on  the  route  to  Christiansund  was  630 ;  on  the 
route  to  Hamburg  520 ;  and  between  a  point  1 2  miles  o£f  Flc^mborough 
Head  aud  the  Hook  of  Holland  200.  Some  others  were  put  ipto  the 
aea  oflT  the  east  coast  at  a  distance  greater  than  20  miles. 

The  drifters  which  were  recovered  were  found  principally  aloi^g  th^ 
east  coasts  of  Scotland  and  England,  as  far  south  as  Norfolk,  and  on  the 
Continent  between  North  Holland  in  the  south  and  north  of  the  Ix)flfpden 
Islauds,  within  the  Arctic  Circle,  in  the  north ;  between  the  parallels  of 
53  and  69  north  latitude.  They  were  scattered  over  a  stretch  of  about 
1700  miles  of  ooast.  The  numbers  found  up  to  the  end  of  March  1897, 
on  the  various  coasts  are  as  follows : — 

Ea^t  coast  of  Scotland,  155;  "England,  95;  Holland,  5;  Cferpiany 
(west  coast),  4 ;  Denmark,  57  ;  Sweden,  6  ;  Norway,  46.  On  the 
Scptcb  coast,  south  of  the  Moray  Firth,  the  numbers  fpuod  in  the 
different  counties  were : — Banff,  36  ;  north  coast  of  Aberdeen,  10  \ 
egst  coast  of  Aberdeen,  16  ;  Kincardine,  nil ;  Forfar,  2  ;  Fife,  43 ; 
East  Lothian,  36 ;  and  Berwick,  6.  On  the  English  coast  the 
numbers  found  were  : — Northumberland,  25 ;  Durham,  1 1 ;  York- 
shire, 34 ;  Lincoln,  2 ;  Norfolk,  23.  The  number  found  on  thp 
Orkney  and  Shetland  Isles  was  11  and  21  respectively;  the 
remainder  of  the  drifters  were  found  in  the  inner  parts,  of  the 
Moray  Firth  and  Firth  of  Forth,  with  the  exception  of  6,  which 
were  picked  up  at  sea  while  still  floating  in  the  water. 

In  order  to  atudy  the  movement  of  the  drifters,  a  line  waa  dsawu  on  9, 
large  chart  between  the  place  where  each  was  set  adrift  and  the  place 
where  it  waa  found.  It  w^s  soon  proved,  however,  that,  in  wapy  caaea, 
such  a  line  did  not  represent  the  real  route  takep.  This  waa  eapeci^lly 
true  of  thoae  stranded  on  the  Continental  coasts,  particularly  Pemniwrki 
Holland,  Germany,  and  Sweden,  which,  in  nearly  all  cases,  wuat  have  flrat 
paaaed  down  off  the  east  ooa«t  of  tbis  country  and  then  crossed  over  to 
the  otter  sida  Before  proc^diug  to  consider  the  movement*  in  detail  it 
may  be  well  to  state  here  the  priitcipal  conclusions  derived  fron^  tha 
experiments  with  respect  to  the  course  of  the  currents.  The  roost  iwportr 
ant  are  as  follows : — 

(1)  The  surface  Atlantic  water  passes  southwards  and  eastwards  from 
the  neighbourhood  of  the  Shetlands,  and  eastwards  from  the  area 
west  of  the  Orkneys ;  it  then  moves  southward  along  the  east  ooaat  of 
Scotland  and  England  to  the  neighbourhood  of  the  Wash,  impinging 
more  or  less  on  the  coasts  that  run  at  an  angle  to  it,  namely,  Banff 
and  Aberdeen,  Fife,  East  Lothian,  Berwick,  and  the  eaat  eoaal  of 
England,  as  far  as  the  neighbourhood  of  Spurn  Point  in  Yf^kahii^ 

(2)  The  movement  of  the  surface  water  is  then  eastwards  towards  the 
coast  of  the  Continent,  the  main  body  impinging  oq  tlie  coaat  of 
Denmark,  north  of  the  Horn. 

(9)  The  course  is  then  northward  to  the  Skagorrak,  and  ^ong  the 
west  coast  of  Norway,  as  far  at  least  as  the  Loffodena.  Sometimea 
the  water  passes  into  the  Skagerrak,  to  the  coast  Of  Sweden  and 
the  Christian ia  Fjord. 

(4)  While  the  above  movement  down  the  western  and  up  the  oaatern 
parts  of  the  North  Sea  is  the  regular  and  predominating  one,  it 
may  be  modifled  by  the  prevalence  of  strong  winds  or  galea  blow- 
ing in  certain  directions,  lliese  may  cause  the  current  to  swerve  j 
or,  as  happened  at  one  period,  to  be  reversed. 
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(5)  In  the  western  part  of  the  Moray  Firth  and  in  the  Firth  of  Forth 
the  movementB  are  much  less  regular,  and  depend  directlj  upon 
the  winds  and  tides. 

In  describing  the  course  taken  by  the  drifters  it  will  be  convenient,  in 
the  first  place,  to  consider  the  area  over  which  their  movements  occurred,  in 
sections;  namely,  (1)  the  region  of  the  Shetland  and  Orkney  Isles;  (2) 
the  Moray  Firth ;  (3)  the  east  coast  of  Scotland  ;  (4)  the  east  coast  of 
England  ;  (5)  the  eastern  part  of  the  North  Sea,  south  of  the  Skagerrak  ; 
(6)  the  Skagerrak,  Christiania  Fjord,  and  coast  of  Norway. 

Slietland — Orkney  Area. 

In  the  first  named  region  drifters  were  put  into  the  sea  in  the  Faroe- 
Shetland  Channel,  between  Shetland  and  Orkney,  and  at  various  places 
in  the  neighbourhood  of  these  islands.  The  places  and  the  apparent 
course  of  the  floats  are  indicated  in  the  adjoining  chart  (fig.  2),  and  it 
will  be  observed  that,  in  the  great  majority  of  cases,  the  course  of  the 
bottles  was  eastward  or  southward.  At  the  end  of  July  and  the  banning 
of  August  1896,  a  number  of  drift-bottles  and  slips  were  thrown  over- 
board from  H.M.S.  *  Research  *  at  seven  stations  west  and  north  of  the 
Shetlands,  as  shown  in  the  chart;  and  some  from  every  station  were 
recovered  with  the  exception  of  the  station  known  as  '  Jackal  No.  XIV ' 
(lat.  61'  18J'  N.  long.  4*  21  J'  W.),  which  lies  midway  between  the  Faroe 
Isles  and  the  Shetlands.  Of  the  twenty-two  'Kesearch'  drifters 
recovered,  sixteen  were  found  on  one  or  other  of  the  Shetland  Isles,  two 
on  the  Orkney  Isles,  one  on  the  coast  of  Aberdeenshire,  and  three  on  the 
west  coast  of  Norway.  The  details  of  each  are  given  in  the  Table  (p.  388), 
but  some  of  the  chief  facts  may  be  described.  Three  of  those  set  adrift 
on  the  30th  July,  about  65  miles  to  the  north  of  the  Shetlands  (lat.  61* 
49J'  N.  long.  0'  43'  W.),  were  picked  up  on  the  beach  at  Fetlar  and 
Yell,  more  than  ninety  miles  to  the  south,  one  on  the  12th  September  and 
the  other  two  on  the  14th  September,  or  44  and  46  days  after  they 
were  put  into  the  water.  One  of  those  set  adrift  on  31st  July  at  lat. 
61"  1'  N.  and  long.  3°  13'  W.  was  picked  up  near  Lerwick,  over  100 
miles  to  the  south-east,  on  4th  December.  Six  of  those  from  a  point 
about  125  miles  west  of  the  Shetlands  (lat.  60"  38^'  N.  long.  5"  35^'  W.), 
put  adrift  on  the  5th  August,  were  picked  up  at  various  places  in  the  north 
of  Shetland  between  27th  August  and  7th  September,  the  distances  travelled 
in  that  time  ranging  from  116  to  about  150  miles.  One  was  found  on 
24th  February  1897,  at  Sorsmolen,  near  Cliristiansnnd  N.,  in  the  province 
of  Romsdal,  Norway,  having  travelled  about  430  miles  in  the  204  day& 

The  one  first  found,  on  27th  August,  was  carried  at  least  138  miles  in 
the  22  days  it  was  afloat ;  and  ail  these  drifters  had  travelled  eastward 
and  a  little  southward. 

Of  those  put  away,  on  the  1st  August,  about  135  miles  west  of  the 
southern  part  of  the  Shetlands  (lat.  60"  3'  N.  long.  5"  48'  W^,  two  were 
picked  up  on  the  Shetlands,  two  on  Orkney,  and  one  at  Cruden  Bay, 
Aberdeenshire.  The  first  recovered  was  found,  forty  days  after  it  had  been 
put  into  the  water,  on  the  east  side  of  the  Mainland,  Orkney,  about  118 
miles  distant ;  the  first  one  found  on  Shetland  was  picked  up  on  the  28  th 
September  on  the  west  side,  about  124  miles  distant.  The  drifter  found 
on  the  coast  of  Aberdeen,  over  200  miles  from  the  place  where  it  was 
thrown  into  the  water,  was  not  picked  up  until  the  22nd  December,  144 
days  afterwards.  Two  of  those  set  adrift  on  7th  August  in  lat.  59"  42' 
N.  long.  7"  7'  W.  were  found  on  the  east  side  of  the  Shetlands  on  6th 
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Fio.  2.— Chart  of  Faroes,  Shetland,  and  N.  of  Scotland,  showing  the  course  taken  by 
the  drift-bottles. 
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and  11th  December;  a  note  from  the  person  who  found  one  of  them 
stating — what  is  confirmed  by  the  meteorological  records — that  it  had 
been  blowing  a  gale  from  the  south-east  for  several  days  before. 

Some  of  the  bottles  from  the  other  station,  about  165  miles  west  of  the 
Shetlands,  in  lat.  60'  2'  N.  long.  7'  4'  W.,  were  found  in  Noriray. 
They  were  set  adrift  on  the  6th  of  August ;  two  were  picked  up  on  llth 
and  21st  December  on  the  east  side  of  the  northern  part  of  Shetland. 
Before  this  three  were  found  on  the  coast  of  Norway,  two  on  the  30th 
November,  116  days  after  they  had  been  set  adrift,  and  one  a  little  latef, 
on  3rd  December.  One  of  the  former  was  found  on  the  Island  of 
Hitteren,  S.  Trondhjem,  about  510  miles  distant,  and  thd  othct^  ftiill 
further  north,  on  the  Island  of  Gjoring,  near  Kolvreid,  N.  Trondhjem, 
over  700  miles  from  the  point  where  it  was  thrown  into  the  sea.  "thji 
third  was  found  on  the  south-west  side  of  Haramsoen  Island,  S.  flofad- 
maer,  near  Aalesund,  Rorasdal,  and,  therefore,  to  the  south  of  the  others. 

The  results  of  the  *  Research '  drifters  agree  with  the  results  derited 
from  a  study  of  the  others.  The  general  course  taken  was  eastward,  with 
a  tendency  southward  in  the  region  of  the  Orkneys,  and  northward  in  the 
region  of  the  northern  part  of  the  Shetlands  ;  but  deviations  obviously 
occurred,-  owing  in  all  probability  to  variations  in  wind  influence.  The 
case  where  three  bottles  were  carried  directly  south  from  about  ninety 
miles  north  of  the  Shetlands  is  the  most  anomalous.  The  meteorological 
observations  taken  twice  daily  at  the  nearest  station  (Flugga,  North  Utist,, 
at  the  north  of  Shetland)  show  that  during  August  northerly  winds  pfe- 
Tailed.  At  the  hours  when  the  observations  were  made  (9  a.m.  and  9 
p.m.)  the  wind  blew  from  the  north  on  twenty-one  occasions  and  ft'om  be- 
tween N.  and  N.E.  and  N. W.  on  twelve  occasions  ;  from  the  south  it  blew 
once,  from  the  west  on  four  occasions,  and  from  between  S.W.  and  S.E. 
on  nineteen  occasions.  It  is  probable  that  the  bottles  thrown  into  the 
sea  at  the  most  north-westerly  station,  on  4th  August,  have  been  carried 
towards  the  north  of  Norway  ]  none  have  yet  been  returned  to  me. 

The  particulars  respecting  other  bottles  set  adrift  in  the  area  being 
dealt  with  give  general  results  of  the  same  kind.  Of  five  thrown 
overboard  from  a  fishing-boat  on  30th  April  1895,  20  miles  south- 
east of  Lerwick,  one  was  found  on  the  31  st  August,  that  is,  after  l23 
days,  two  miles  north  of  Aalesund,  Eomsdal,  Norway,  a  distance  of  250 
miles  from  the  point  where  it  was  set  adrift.  Its  course  had,  therefore, 
been  north-east. 

Another  put  away  on  22nd  April  1896,  twenty-six  miles  east  of  Lerwick, 
was  found  on  23rd  August,  after  exactly  the  same  interval.of  123  da)r^  three 
miles  south  of  Hanstholm  in  Denmark,  357  miles  distant,  and  in  k  south- 
easterly direction.  Three  of  ten  set  adrift  on  31st  October  1896*  at 
Suleskerry,  about  32  miles  to  the  west  of  the  Orkneys,  were  found  oh 
the  6th,  9th,  and  1 4th  November  on  the  west  coast  of  the  Orkney  Isles, 
and  a  fourth  was  picked  up  on  4th  January  1897  on  South  Ronaldshay. 
The  former  had  travelled  at  the  rate  of  about  5  geographical  miles  ^ 
day  in  a  south-east  direction  ;  the  wind  during  the  time  they  were  afloatj 
as  shown  by  the  observations  at  Wick  and  Fair  Isle,  being  mostly  from 
the  north  and  from  the  west.  Other  two  drifters  put  away  on  the  3^d 
NovBtnber  1896,  eight  miles  south-east  of  Start  Point,  Orkney,  WBre  found 
on  the  east  coast  of  Shetland,  two  on  the  14th,  and  the  third  on  the  22nd 
December ;  they  had,  therefore,  travelled  between  sixty  and  eighty  miles 
in  a  N.N.E.  direction  in  a  little  over  forty  days.  The  wind  records  at  Fair 
Isle  show  that  during  the  period  they  were  alloat,  there  were  strong  winds 
in  November  from  the  south  and  south-west,  while  in  December,  from 
the  1st  to  the  14th,  there  were  almost  continuous  strong  winds  from  the 
south-east  and  gales  from  S.S.K  and  E.S.E.,  which  lasted  for  four  days. 
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The  Moray  Firth  Area. 

In  the  second  area,  that  of  the  Moraj  Firth,  a  large  number  of 
bottles  and  wooden  drifters  were  put  iuto  the  sea.  They  divide  them- 
selves pretty  sharply  into  two  groups,  according  to  whether  they  were  set 
adrift  to  the  westward  or  to  the  eastward  of  a  line  running  in  a  southerly 
direction  from  Duhcansby  Head  to  the  mouth  of  the  river  Spoy — that  is 
to  say,  a  little  to  the  westward  of  the  third  degree  of  longitude  wdst  of 
Greenwich.  Those  set  adrift  to  the  west  of  this  line,  especially  if  near 
the  shore,  took  various  courses  within  tiie  area  as  they  did  in  the  confined 
waters  of  the  Firth  of  Forth.  As  a  rule  they  moved  westwardB)  and  Uf) 
along  the  coast  in  a  north-west  direction.  Their  course  Was  just  what 
might  be  expected  from  the  influence  of  an  eddy  setting  westwards  from 
the  neighbourhood  of  the  mouth  of  the  Spcy,  and  subject  to  the  action 
of  the  winds  and  tides.  The  other  group  put  away  to  the  east  of  the 
imaginary  lino  referred  to  belong  to  quite  a  different  class.  The  grsat 
majority  (50)  travelled  southward,  and  were  stranded  on  the  coast  of 
Banff  and  Aberdeen,  which  runs  from  the  west  to  the  east  Two  vrene 
found  on  the  east  coast  of  Aberdeen,  and  one  on  the  Orkney  Isles,  to 
the  north,  which  occurred  in  connection  with  the  exceptional  movement 
of  the  water  in  December  1896  and  January  1897,  to  be  referred  to  later. 
Ten  were  found  on  the  south-west  coast  of  Norway ;  and  only  two  to  the 
west  of  the  imaginary  line  parallel  to  the  3°  of  west  longitude;  but 
there  is  some  doubt  in  the  latter  cases.  The  particulars  are  summed 
up  in  the  following  Table,  which  shows,  of  course,  only  the  driftert  which 
were  recovered : — 

1.  Set  Adn/t  to  the   West  of  the 
Line — 

1.  Found  within  the  area,  .     54 

2.  „      to  the  eastward,*       4 

3.  „      in  Shetland,        .       1 


59 


11.  Set  Adrift  to  tlie  East  of  i 

7w 

Line — 

1 .  Found  to  the  westward, . 

2 

2.        „      on  the  south  coast 

of  Moray  Firth, 

50 

3.        „      on   east  coast  of 

Scotland,   . 

5 

4.        „      in  Orkney, 

1 

5.        „      off  the  east  coast 

of  England, 

1 

6.        „      in  S.W.  Norway, 

10 

7.        „      in  Sweden, 

2 

8.        „      in  Denmark, 

0 

71 


It  is  clear  from  this  tabulation  that  the  general  movement  of  the  water 
from  Duncansby  Head  and  the  south  part  of  the  Orkneys  is  southward. 
It  impinges  on  the  coasts  of  Banff  and  Aberdeen,  and  the  great  mass  is 
then  deflected  to  some  extent  eastwards,  but  a  part  goes  westwards 
along  the  coast.  It  will  be  noticed  that  only  five  driftera  were  picked 
up  on  the  eaat  coast  of  Scotland,  all  on  the  east  coast  of  Aberdeen. 
Three  of  these  were  set  adrift  on  22nd  July  1896,  8  miles  N.N.tt, 
of  Troup  Head,  Banffshire,  therefore  nut  very  far  within  the  Firth.  They 
Were  carried  in  a  south-east  direction  round  Kinnaird  Head;  one  was 
found,  4  days  later,  on  Rattray  Head,  24  miles  distant,  another  on  the 
sixth  day  7  miles  farther  south,  and  the  third,  a  mouth  later,  between 
the  other  two  ;  It  had,  no  doubt,  been  lying  most  of  the  time  among  the 
rocks.  The  wind  during  the  period  of  flotation  was  not  very  msrked ; 
•  These  were  put  in  very  near  the  line. 
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it  blew  yariably  and  not  very  strong,  mostly  from  the  north-west  and 
north-east,  untU  the  25th  when  it  blew  strong  from  the  east,  and  the 
next  day  from  the  southeast,  which  would  tend  to  drive  the  drifters 
ashore  where  they  were  fonud. 

The  other  two  are  of  special  interest.  They  were  put  into  the  water  on 
29th  December  1896,  one  about  14  miles  S.E.  by  K  of  Duncansby  Head, 
and  the  other  nearly  midway  between  Duncansby  Head  and  Rattray 
Head.  They  were  found  on  the  3rd  and  6th  February  1897,  on  the 
coast  of  Aberdeen,  and  on  the  21st  February,  it  is  important  to  notice, 
another  drifter  thrown  into  the  sea  with  the  first  named  (off  Duncansby 
Head)  was  picked  up  on  Sanda,  one  of  the  northern  of  the  Orkney  Isles. 
There  is  little  doubt  that  all  three  drifters  had  at  first  gone  south  and 
east,  and  were  off  the  east  coast  of  Scotland  when  they  were  overtaken 
by  the  movement  following  the  violent  KN.E.  gales  towards  the  latter 
part  of  January  1897,  which  drove  the  surface  water  northwards  along 
the  coast;  two  of  them  were  stranded  on  the  comer  of  the  coast  of 
Aberdeen,  while  the  third  continued  its  course  northward,  and  was 
caught  on  Start  Point,  Orkney,  fifteen  or  sixteen  days  later.  This 
reversal  of  the  usual  course  of  the  surface  water  puzzled  me  in  some 
other  cases  also,  as  it  was  the  first  time  it  had  been  observed  since  the 
experiments  were  begun  in  September  1894,  and  I  thought  at  first  some 
error  had  been  made  in  the  numbering  of  the  bottles,  or  in  recording 
the  place  where  they  had  been  put  into  the  sea ;  but  I  soon  obtained 
satisfactory  evidence  that  the  unusual  northward  movement  extended 
along  the  whole  east  coast  of  England  and  Scotland,  from  Norfolk  to 
Shetland,  and  that  it  was  a  rapid  movement.  The  fact  that  it  was 
largely  caused  by  strong  gales  blowing  from  the  KN.E.,  is  apparently 
due  to  the  physical  configuration  of  the  coasts  and  bottom  of  the  North 
Sea,  and  will  be  dealt  with  later. 

The  circumstance  that  no  bottles  put  into  the  Moray  Firth  were  found 
on  any  other  part  of  the  east  coast  of  Scotland,  or  on  the  coasts  of  Eng- 
land or  Denmark,  while  they  were  found  on  the  south-west  coast  of 
Norway  and  on  the  west  coast  of  Sweden,  points  at  first  sight  to  the 
deflection  of  the  current  eastwards  and  not  southwards,  by  the  hairier 
opposed  to  it  by  the  coast  of  Banff  and  Aberdeen.  But  that  it  also  goes 
south  as  well  as  east  is  shown  (1)  by  the  evidence  given  below  as  to  the 
course  taken  by  the  drifters  put  into  the  sea  off  the  east  coast  of  Aber- 
deen and  further  south ;  (2)  by  the  fact  that  one  of  the  Moray  Firth 
drifters  was  picked  up  at  sea  by  a  fishing-smack  far  to  the  south,  between 
Flamborough  Head  and  the  Dogger  Bank,  about  sixty  miles  off  the  York- 
shire coast ;  and  (3)  by  the  time  taken  for  the  floats  to  reach  the  Continent 
The  marked  retrocession  of  the  stretch  of  coast  between  the  Moray 
Firth  and  Fife  is  abo  of  importance  in  this  connection.  The  drifter 
referred  to  as  having  been  picked  up  by  a  fishing-smack  was  a  wooden 
one,  which  was  set  adrift  with  others  on  the  22nd  July  1896,  near  the 
dividing  line  previously  described,  and,  therefore,  well  within  the  Firth. 
Two  others  of  the  same  lot  were  picked  up  on  the  south  coast  of  the  Moray 
Firth,  oneon  the  24th,  near  Macduff,  BanfiiBhire,  and  the  other  on  the 
2Sth,  about  ten  mil6s  further  east.  The  third  cleared  the  point  and  then 
moved  in  a  mean  S.  by  £.  \  £.  direction  for  a  distance  of  about  220 
miles ;  and,  as  it  was  floating  for  104  days  and  travelled  altogether  nearly 
250  miles,  its  mean  rate  was  rather  under  2\  miles  per  day.  It  was 
picked  up  on  3rd  December  in  lat.  54*  35'  N.  long.  V  20'  E.  about 
65  miles  N.E.  by  E.  from  Spurn  Point,  and  was  no  doubt  on  its  way  to 
the  Continent  During  the  period  of  flotation  the  effective  winds  blew 
in  August  on  Hie  Scotch  coast  from  W.  by  N.  and  W.N.W. ;  on  the 
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English  coast  at  Shields  from  W.  by  S. ;  in  September,  at  Buchan  Ness 
from  S. W.  by  S.,  at  the  Bell  Rock  from  W.  \  S.,  at  Shields  from  S.S.W., 
at  Yarmouth  from  S.W,  \  W.  lu  October,  at  the  Bell  Rock  from  N. 
by  W.,  at  Shields  from  N.  f  W.,  and  at  Yarmouth  from  KS.E.  In 
November,  at  the  Bell  Rock  from  W.  by  N.,  at  Shields  from  S.S.W.,  and 
at  Yarmouth  and  Uelder  from  N.E.  It  wiU,  therefore,  be  seen  that  the 
direction  of  the  winds  were  usually  opposed  to  the  southward  move- 
ment. 

Of  the  twelve  Moray  Firth  drifters  which  were  found  on  the  south- 
west coast  of  Norway  and  on  the  west  coast  of  Sweden,  one  was  set  adrift 
on  the  9th  February  1895,  two  on  the  12th  and  13th  March,  and  all  the 
others  at  the  beginning  of  August  of  the  same  year.  The  three  first 
mentioned  were  put  away  off  the  coast  of  Caithness ;  one  was  found  on 
3rd  October,  237  days  afterwards,  at  Farsund,  near  the  Naze  of  Norway, 
317  miles  distant;  another  was  found,  near  Stavanger,  after  181  days, 
on  9th  September,  a  direct  distance  of  270  miles ;  the  third  was  found 
two  miles  south  of  Lysekil,  near  Marstrand,  Sweden,  on  6th  September, 
after  179  days,  at  a  distance  of  464  miles.  That  the  first  moved  south 
is  shown  by  the  fact  that  other  drifters  put  away  a  little  further  north 
next  day  and  two  days  later  were  found  in  Banffshire  and  on  the  north- 
east corner  of  Aberdeenshire.  The  wind  that  prevailed  in  the  Moray 
Firth  during  February  was  from  N.N.W. ;  in  March,  from  N.N.E.  at 
Buchan  Ness,  N.N.W.  at  Bell  Rock,  and  S.W.  at  Yarmouth ;  in  April, 
at  Buchan  Ness  from  S.W.,at  Bell  liock  from  W.,  at  Shields  from  N.E., 
and  at  Yarmouth  from  E.  by  N.  The  mean  course  of  the  floats  was  pro- 
bably in  the  form  of  a  curve  bending  south-east  and  then  north-east,  one 
at  least  being  carried  into  the  Skagerak. 

-•  The  other  nine  were  set  adrift  on  the  2nd  and  8th  August  1895 ; 
eight  were  recovered  on  the  south  and  south-west  coast  of  Norway,  and 
one  near  Hallo,  on  the  west  coast  of  Sweden,  after  intervals  of  from  67 
to  178  days,  the  direct  distances  varying  from  282  to  490  miles.  During 
the  time  they  were  afloat  the  prevailing  direction  of  the  winds  was  as 
follows  '.—August,  Buchan  Ness  S.  by  W.,  Bell  Rock  W.  by  S.,  Ilelder 
and  Yarmouth  W.S.  W. ;  September,  Buchan  Ness  S.W.  }  S.,  Bell  Rock 
W.S.W.,  Shields  S.W.,  Yarmouth  W.,  Holder  W.N.W. ;  October,  N.W. 
or  near  it  at  most  places ;  November,  strong  from  S.  and  S.  W. 

In  these  cases  there  is  little  doubt  the  surface  water  was  driven  in 
large  part  directly  across  in  an  easterly  direction  from  the  Moray  Firth. 

It  is  noteworthy  that  other  drifters  put  away  a  little  earlier,  on  the 
24th  and  25th  July,  off  the  east  coast  of  Aberdeen,  Kincardine,  and  For- 
farshire, were  found  partly  further  south  on  the  east  coast  of  Scotland 
and  partly  on  the  coasts  of  Denmark  and  Norway.  Thus,  of  three  set 
adrift  on  24th  July,  eleven  miles  south-east  of  Scurdy  Ness,  near  Montrose, 
one  was  found  34  miles  to  the  south  in  the  Firth  of  Forth,  in  seventeen 
days ;  one  after  ninety  days  at  Nymindegab,  near  the  Horn,  Denmark,  a 
direct  distance  of  344  miles ;  and  the  third,  after  an  interval  of  162  days, 
near  Stavanger,  in  Norway,  a  direct  distance  of  300  miles.  Another  set 
adrift  on  the  same  duy  a  little  further  north  (eleven  miles  S.E.  of  Bervie) 
was  found  in  21  days  on  the  coast  of  Fife.  Of  other  two  set  adrift  also  on 
24th  July,  one  was  found  in  22  days  forty  miles  to  the  south,  and  the 
other  near  Kragero,  in  South  Norway,  within  the  Skagerak,  a'direct  distance 
of  400  miles,  in  196  days.  These  examples  show,  what  will  be  proved 
later,  that  the  general  course  of  the  surface  water  on  the  west  side  of  the 
North  Sea  is  to  the  south  and  south-east,  and  to  the  north  on  the  east 
side,  even  when,  and,  indeed,  probably,  because  the  prevailing  wind  is 
from  the  south-west. 
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Ths  Ea$t  Coast  of  Scotland, 

1* lie  coiitse  taken  by  the  other  drifters  put  away  on  the  east  cottst  of 
Scotland,  south  of  the  Moray  Firth,  Was  almost  invariably  to  the  south  or 
douth-cast.  A  considerable  number  were  set  adrift  in  the  Firth  of  Forth. 
These  took  an  irregular  course,  according  to  the  wind  and  tide,  like  those 
iu  the  inner  part  of  the  Moray  Firth.  A  few  of  them,  however,  were 
carried  out  of  the  Forth,  and  then,  as  a  rule,  took  the  usual  route 
southward.  Omitting  those  put  away  in  the  Forth  and  recovered  there, 
the  tabulated  results  are  as  follows : — 


I.  found  to  the  South — 

1.  On  Scotch  coast    . 

2.  At  sea  off  Scotch  coast, 

3.  On  English  coast,  . 

N'orthumberlandy 
Durham,     . 
Torkshire,  . 
Lincolnshire, 
Norfolk,     . 


58 

2 

0 

20 

10 

26 

2 

0 


4.  At  sea  off 


68 
coast,       1 

119 


It  Found  on  Continent — 

1.  In  Norway,   . 

2.  In  Sweden,    . 

3.  In  Denmark, 

4.  In  Germany, 

5.  In  Holland,  . 


III.  Found  to  the  north, 


15 
1 

35 
4 
5 

60 

21 


All  those  found  to  the  north  fall  into  two  groups : — (1)  Thode  set 
adrift  at  or  near  the  mouth  of  the  Firth  of  Forth,  a  few  tailes  from 
land,  and  which  were  stranded  in  the  neighbourhood ;  (2)  those  (nine  in 
number)  which  were  carried  north  by  the  reversal  of  the  movement  of 
the  water  in  January  1897,  which  has  been  previously  referred  to.  The 
former  group  may  be  for  the  present  passed  over,  as  the  results  were  due 
to  local  causes  alone ;  so  that,  with  the  exception  of  thb  latter  at  the 
beginning  of  the  present  year,  none  of  the  drifters  travelled  northward 
up  the  coast. 

Two  things  stand  out  conspiciously  in  the  above  Table.  The  first  k 
that  the  drifters  stranded  on  the  English  coasts  were  stranded  on  the 
northern  part.  Only  two  were  found  in  Lincolnshire,  and  none  at  all 
(of  those  set  adrifl  on  the  east  coast)  on  the  coast  of  Norfolk.  Thus, 
none  were  stranded  south  of  the  Wash,  only  two  between  the  Wash  and 
the  Humber,  and  the  great  majority  to  the  north  of  Flamborough  Head. 
The  second  point  is  that,  compared  with  the  Moray  Firth  drifters,  a  great 
nutnber  were  stranded  on  the  coast  of  Denmark,  and  comparatively  few 
in  Norway,  while  some  were  found  on  the  coast  of  Holland  and 
Germany. 

I  The  Table  shows  that  119  of  the  drifters  had  travelled  southward  along 
the  east  coast,  of  which  58  were  stranded  on  the  coast  of  Scotland,  and 
exactly  the  same  number  on  the  English  coast,  while  two  were  picked  up 
at  sea  off  the  Scotch  coast,  and  one  off  the  English  coast.  The  great 
majority  of  those  stranded  on  the  coast  of  Scotland  were  found  in  Fife 
and  East  Lothian ;  some  were  found  on  the  Isle  of  May,  at  the  mouth  of 
the  Firth  of  Forth,  and  some  in  Berwickshire.  Only  two  T^re  picked 
up  on  the  coast  of  Forfarshire,  and  none  in  Kincardineshire  or  Aberdeen- 
shire. They  were,  therefore,  stranded,  just  as  in  the  Moray  Firth,  on 
the  coasts  which  front  the  north.  A  considerable  numbfer  were  set  adrift 
in  the  vicinity  of  the  Bell  Rock  Lighthouse,  which  lies  about  10  miles  south 


Digitized  by 


Google 


q/  the  Fiehery  Board  f&r  Scotland.  347 

of  Ibe  ceasi  of  FotfarBhlte,  and  e&^t  of  the  mouih  bf  Uib  tiret  Taj ;  dhd 
alio  al  diskintee  of  f^^m  iitB  ko  thirteen  miles  off  StBardj  Kess,  neat 
MoHlm^.  The  fofto^r  dHfteiiS  ih  neaHjr  everj  cdse^  thirollfed  south  ahd 
somewhftk  West,  strikihg  the  eastern  part  of  the  ^oast  of  Fife  ahd  the  eoaet 
of  East  Lothian.  This  wad  aldO  the  coarse  bf  thb  m^ority  whitih  were  put 
ihto  the  sea  off  ftcurd j  NeM.  In  both  cases^  howeVer,  and  especially  in 
the  Itttterj  some  wel^  stranded  on  the  English  cOoSt. 

Taking  the  groups  put  in  at  rarieu^  parts  of  the  east  cdast)  we 
fihd  their  destination  was  as  foliolrs: — Of  twenty-three  set  adrift  at 
distances  ranging  frotn  about  foul-  to  twenty  miles  oS  Btich^ti  NesS, 
Aberdeenshire^  three  (put  in  four  miles  off)  ^rere  fbund  on  th6  eotet  of 
Aberdeen)  tWo  were  picked  up  at  sea  by  fishing-bdatS  24  And  20  miles 
fUfthsr  South)  eight  ahd  ten  days  afterwards^  six  were  found  on  the 
coast  of  Northumberland,  one  in  Yorkshire,  one  oft  the  west  coast  of 
Genhany,  iVe  in  Dehmark,  and  five  in  Norway.  Of  eleren  set  adrift, 
about  twenty  miles  fUHhet  soUth^  namely,  itoth  ten  to  twelve  miles  off 
Oitdle  Nessjohe  Was  recovered  on  the  coast  of  Forfarshire,  two  in  East 
Lothian,  one  in  Yorkshire^  one  lb  Holland,  one  in  Denmark^  and  four  in 
Norway.  Of  set  en  set  adrift  further  south,  at  from  four  to  eighteen  biiles 
off  Btonehaveuj  three  wete  found  in  Northumberland,  one  in  Durham,  and 
three  ih  D^nnlafk. 

Of  fiVe  pat  away  off"  B^rvle,  Kincardineshire^  one  was  foilnd  id  Fife, 
ohe  in  Northumberland,  Und  three  in  NorWay.  Of  teft  set  adrift  off 
Seut^  Nei^  neat  Montrose)  Fotrfarshire^  three  Wete  recovered  in  Fife 
omi  id  fiAst  Lothidd,  two  in  Yorkshire)  tWo  in  HoUahd)  one  in  Dentoark, 
and  one  in  Norway.  Bttll  farther  south,  in  the  vitiinity  of  the  Bell  Rdck 
LightkoustS  forty-t#t>  of  those  set  addft  were  recovered  ;  nahiely,  seten  in 
Fif^  tW^tythree  in  EAst  Lothian,  four  in  Berwickshire)  three  in  North- 
umberland, one  in  Durham,  two  in  Yorkshire,  one  in  Lincolnshire  and 
one  in  Holl!tnd. 

Of  thirty-five  of  those  recovered,  which  were  set  adrift  at  from  about 
three  to  twenty  miles  east  and  south-east  of  the  Isle  of  May)  three  were 
foknd  in  East  Lothiau)  one  in  Northumberland)  fohr  in  Durham,  nine  on 
the  dbasi  of  Yorkshire,  bne  Was  picked  np  at  sea  off  the  Yorkshire  eoaet, 
and  two  wete  foiind  on  the  #est  coast  of  Germany,  twelve  in  Denmark, 
ohe  In  Sweden,  And  two  in  NbrWay. 

By  drawing  lines  on  a  chart  between  the  points  where  the  bottles 
were  set  adrift  and  where  they  were  found,  the  geneml  and  preponderating 
movenient  son tli ward  is  clearly  ievealed.  In  some  of  the  cases  where  the 
drifters  were  found  on  the  Norwegian  toast  thefe  is  evidence  that  they 
wefe  driven  rapidly  with  the  surface  waters  north-eastwards  by  strong 
mnth-wHt  wihds  blowing  almost  continuously  while  they  were  afloat  as  in 
November  1894  (see  PI.  XL  figs.  1,  2,  3).  But,  in  the  majority  of  cases, 
the  drifters  which  reached  the  Continent  were  first  carried  southwards 
along  the  Scotch  and  English  coast.  This  is  shown  by  a  large  number  of 
cases  in  wliich  some  of  the  bottles  of  one  and  the  same  lot  were  stranded 
on  the  English  eoast^  while  others  were  picked  up  lah^r  on  the  coast  of 
Denniark,  and  lAter  still  on  tlie  Swedish  or  Norwegian  coast.  Some  of 
these  may  be  referred  to. 

T?ie  Sn(jti$h  Coast  and  the  CkmHnenf. 

Three  buttles  were  set  adrift  in  the  Firth  of  Forth  on  23rd  November 
1894  J  one  Was  found  on  17th  February  1895,  on  the  Yorkshire  coast  $ 
And  another  on  the  30th  July,  near  Ording  in  Schleswig,  Germany.  A 
few  daye  iater--H>n  38th  Novopiber  1894 — five  wers  set  adrift  three  miles 
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S.S.E.  of  the  Isle  of  May;  on  the  17th  of  February  1895,  one  was 
found  on  the  coast  of  Durham  ;  on  18th  July  another  was  found  on  Heli- 
goland ;  and  four  days  later  a  third  at  Hallig,  Oland,  Germany.  On  30th 
November,  five  were  set  adrift  six  miles  west  of  the  Isle  of  May  ;  three  of 
them  were  found  on  the  Yorkshire  coast,  79,  81,  and  85  days  later ;  and, 
in  August,  259  days  from  the  time  of  setting  adrift,  a  fourth  was  found 
at  Egmont-on-Sea,  N.  Holland..  On  20th  March  1895,  ten  bottles  were 
set  adrift  near  the  mouth  of  the  Firth  of  Forth ;  on  the  2nd  April, 
thirteen  days  later,  two  were  found  on  the  coast  of  Northumberland, 
about  67  miles  distant ;  two  days  afterwards,  on  the  4th  April,  another 
was  found  82  miles  distant,  also  on  the  coast  of  Northumberland ;  on  the 
20th  May  (after  61  days),  a  fourth  was  found  near  Spurn  Point,  York- 
shire, a  distance  of  202  miles;  on  1st  August,  after  an  interval  of  134 
days,  a  fifth  was  picked  up  three  miles  north  of  Blokhus,  Denmark ;  and 
on  14th  September,  a  sixth  two  miles  north  of  Kingkjbbing,  Denmark. 

Of  five  bottles  set  adrift  on  16th  April  1895,  18  miles  RS.E. 
of  Stonehaven,  Eincardiueshire,  one  was  found  on  6th  June,  after  51 
days,  on  the  coast  of  Northumberland,  129  miles  to  the  south  ;  another 
was  found  on  10th  September  (after  147  days)  half-a-mile  west  from  the 
Old  Skaw,  Denmark;  and  a  third  on  18th  September  at  Blokhus, 
Denmark.  Of  five  set  adrift  25  miles  £.  by  N.  of  the  Isle  of  May,  on 
27th  April  1895,  one  was  found  on  13th  July,  after  an  interval  of  77 
days,  near  Scarborough,  Yorkshire,  a  distance  of  142  miles;  and  on  27th 
September  (after  135  days),  another  was  picked  up  two  miles  east  of 
Hanstholm,  Denmark.  Three  of  ten  put  away  on  24th  July  1895,  ten 
miles  S.E.  of  Scurdy  Ness,  Forfarshire,  were  recovered ;  one  after  seven- 
teen days  on  the  coast  of  Fife ;  another  on  the  22nd  October,  after  ninety 
days,  at  Nymindegab,  Denmark ;  and  a  third  on  2nd  January  1896,  after 
162  days,  near  Stavanger  in  Norway.  Of  ten  set  adrift  on  the  same 
day,  11 J  miles  S.E.  of  Girdleness,  Aberdeenshire,  one  was  found  forty 
miles  to  the  south,  in  Forfarshire,  twenty-two  days  later ;  and  another  in 
Norway,  near  Kragero,  within  the  Skagerrak,  on  the  5th  February  1896, 
after  an  interval  of  196  days.  Other  drifters,  as  has  been  previously 
mentioned,  put  away  about  the  same  time  in  the  Moray  Firth  and  off  the 
north  part  of  Aberdeenshire,  were  found  on  the  south  and  south-west  coast 
of  Norway  and  in  Sweden  from  October  1895  to  March  1896.  On  28th 
August  1895,  twenty  bottles  were  set  adrift  south-east  of  the  Isle  of  May ; 
one  was  found  on  18th  November,  after  82  days,  near  Hunnebostrand, 
95  kilometres  north  of  Gothenburg,  Sweden ;  a  second  on'  the  1st 
December,  near  Arendal,  Norway;  and  a  third  on  4th  Dectmber  at 
Karmoen,  near  Stavanger,  Norway.  From  the  account  given  later  (p.  356) 
of  the  effective  winds  during  the  period  of  flotation,  it  will  be  seen  that 
they  blew  in  August  and  September  on  the  English  coast  from  W.,  S.W., 
and  W.S.W. ;  in  October  from  N.W. ;  and  in  November  from  S.W.  and 
S.K  ;  at  the  Skaw  they  blew  from  W.N.W.  and  N.W.  in  August  and 
September ;  from  W,  by  N.  in  October ;  and  from  S. W.  in  November. 

On  the  22nd  July  1896,  a  large  number  of  drifters  were  thrown  over- 
board from  the  '  Garland '  while  she  was  passing  up  the  east  coast  of 
Scotland.  Ten  set  adrift  near  the  Bell  Rock  were  found  on  the  coast  of 
Fife,  the  May  Isle,  and  East  Lothian;  eight  within  a  week  or  two,  and  the 
other  two  at  the  beginning  of  September  within  the  Firth  of  Forth.  Some 
of  those  set  adrift  ofif  Scurdy  Ness,  further  to  the  north,  were  also  picked 
up  in  Fife  about  twelve  days  later.  One  put  away  off  Bervie,  Kincardine- 
shire, was  found  thirty-one  days  later  on  Holy  Island,  Northumber- 
land, 63  miles  to  the  south.  Another  put  away  six  miles  south-east  of 
Girdle  Ness,  Aberdeenshire,  was  picked  up  at  Hillerslev,  near  Thisted, 
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Denmark,  on  the  7th  November,  after  immersion  for  ninety-eight  days ; 
and  five  of  those  set  adrift  still  further  to  the  north,  four  miles  south- 
east of  Buchau  Ness,  were  subsequently  recovered.  Two  of  them  were 
picked  up  at  sea  by  fishing-boats  24  and  26  miles  to  the  southward, 
seven  and  nine  days  after  they  had  been  put  into  the  water ;  and 
other  three  were  found  in  the  early  part  of  September  on  the  coast  of 
Northumberland,  from  forty-eight  to  fifty-six  days  after  immersion,  and  at 
distances  ranging  from  134  to  142  miles.  There  can  be  no  doubt  that  the 
one  found  in  Denmark,  although  the  only  one  of  that  particular  group 
recovered,  first  passed  down  off  the  east  coast  of  Scotland,  and  probably 
the  north-east  coast  of  England.  Beference  has  already  been  made  to  the 
wooden  drifter  put  away  on  the  same  day  within  the  Moray  Firth,  about 
80  miles  further  to  the  north  and  west,  which  was  found  on  the  3rd 
December  n34  days  afterwards),  at  the  Dogger  Bank,  about  60  miles 
off  Flamborough  Head. 

On  the  22nd  April  1896,  four  bottles  were  set  adrift  26  miles  east 
of  Lerwick,  Shetland;  on  the  23rd  August,  123  days* later,  one  was 
found  at  Klitmoeller,  three  miles  south  of  Haustholm,  Denmark;  and 
thirty-seven  days  after  that,  on  the  29th  September,  another  was  picked 
out  of  the  water  in  the  Christiania  Fjord,  near  Bolseren  Island,  about 
12  miles  within  FaBrder  Lighthouse.  These  drifters  must  also  have 
come  south. 

It  is  evident  from  what  has  been  said  that  the  general  movement  of  the 
water  in  the  western  part  of  the  North  Sea  is  southward  along  the  east 
coast  of  Scotland  and  the  northern  part  of  the  east  cotust  of  England,  and 
that  it  then  passes  to  the  Continent.  Before  discussing  the  relations  of 
this  movement  to  the  seasons,  and  the  speed  of  the  current,  it  will  be  well 
to  consider  the  course  of  the  drifters  put  away  in  other  parts  of  the  North 
Sea.  While  the  results  on  the  western  side  showed  the  movement 
referred  to,  I  was  desirious  of  ascertaining,  as  far  as  possible,  the  area  of 
demarcation  where  this  southward  movement  gave  place  to  the  northward 
movement  on  the  eastern  side,  as  well  as  some  other  points.  Drifters 
were,  therefore,  dropped  into  the  sea  at  intervals  along  lines  stretching 
from  the  Firth  of  Forth  to  the  Naze  of  Norway  on  the  one  hand,  and  to 
Hamburg  on  the  other ;  and  also  along  a  line  passing  from  off  Flam- 
borough  Head  to  the  Hook  of  Holland.  The  lines  along  which  the  floats 
were  set  adrift  are  represented  on  Plate  X. 

Between  the  Isle  of  May  and  tJie  Naze  of  Norway. 

The  drifters  put  away  between  the  Firth  of  Forth  and  the  Naze  of 
Norway  were  as  follows  : — 


Date. 

Distance  In  NaaHcal  Miles  E.  i  S.  of  May  Isle. 

10 

15 

30 

25 

SO 

85 

50 

70 

75 

80  100 

1 

180 

150 

180 '200 

250 

300 

24th  Feb.  ISW, 

10 

10 

, 

10 

10 

. 

* 

10 

. 

10   . 

. 

16th  Ifar.  1895, 

. 

10 

10 

10 

. 

10 

10 

'^  ' 

«  21«t  Ang.  18M, 

30 

25 

20 

20 

10 

. 

10 

10 

20 

10 

20 

•  «Srd  Oct  1896, 

. 

. 

50 

20 

85 

15 

^ 

•  «th  Not.  1896, 

80 

. 

. 

15 

20 

15 

20 

15 

26th  and  96th  Dec 
1896,  . 

• 

20 

• 

20 

20 

• 

20 

20 

20 

*  Most  of  these  were  wooden  drifters. 
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Some  of  the  drifters  have  been  recovered  from  each  voyage.  Eighteen 
of  those  set  adrift  on  the  first  occasion  (24th  February  1895)  were  found 
later — sixteen  on  the  coast  of  Denmark,  one  in  Sweden,  and  one  in  Nor- 
way. Of  ten  put  adrift  fifteen  miles  east  of  the  Isle  of  May,  one  was  foand 
at  Klegod,  near  Ringkjdbing,  Denmark,  on  the  8th  August,  165  days 
after  immersion;  another  on  the  6th  September,  further  up  the  coaal 
near  the  Skaw,  at  Hirtshals ;  and  a  third  nalf-a-mile  west  from  the  Old 
Skaw,  four  days  later.  Four  of  the  ten  set  adrift  25  miles  east  of 
May  Isle  were  also  found  on  the  Danish  coast;  one  on  27th  August,  184' 
days  after  immersion,  near  Fjaltring,  on  the  west  coast :  the  second  on  tho 
28th  August  at  Haurvig,  Holmslandsklitte,  Ringkjobing ;  the  third  on 
31  at  August,  at  Lokken,  south  of  Hirtshc^s;  and  the  fourth  on  16th 
September  at  Harboore,  near  I^mVlg.  One  of  those  put  awajr  35 
miles  firom  the  Isle  of  May  was  picked  up  on  23rd  September  pear  the 
Old  Skaw  after  211  days.  Of  those  set  adrift  c^t  50  mileis,  one  iraa 
recovered  on  2l8t  August,  after  1T8  days,  at  Hauryig,  Ringkjbbipg ; 
another  the  next  day  at  Aargab  in  the  same  locality ;  and  a  third  oq  the 
14th  September,  two  miles  north  of  Ringkojbing.  Of  those  put  away 
130  miles  from  tne  May,  one  was  found  on  7th  August  at  Havstokken, 
near  Nymindegab;  another  on  11th  August,  eight  miles  north  of  Ring- 
kjobing ;  and  a  third  on  15th  August  at  Aargab.  Of  those  set  adrift  180 
miles  east  of  the  Isle  of  May,  and,  therefore,  about  half-way  to  Norway, 
one  was  found  on  the  14th  July,  after  140  days,  and  another  on  3rd 
Augtist,  both  naar  Nymindegab,  north  of  the  Horn,  Denmark ;  a  third 
was  found  on  the  4th  August  at  the  Buskar  Hock,  Mamtrand,  Swed^  ; 
and  a  fourth  on  6th  February  1896,  nearly  a  year  later,  on  the  Wand  of 
Smolon,  near  Ghristiansund,  N.,  in  the  province  of  Romadal,  Norway. 
These  cases  show  that  the  bottles  travelled  first  to  the  south  of  the  place 
where  they  were  put  in,  and  then  in  a  north-east  direction  along  the 
Danish  coast  and  into  the  Skagarak,  and  then  in  the  opposite  dix'ecUon 
along  the  coast  of  Norway. 

Thirteen  of  the  bottles  set  adrift  on  the  same  route  on  1 6th  March 
1895  were  found  later,  all  on  the  Danish  coast,  in  August  and  September. 
With  the  exception  of  one  set  adrift  15  miles  east  of  May  Isle,  and 
which  was  found  at  Bingkjdbing,  near  the  Horn,  186  days  later,  thcgr 
were  all  picked  up  on  the  coast  of  North  Jutland,  between  Hanstholmand 
the  Skaw,  and  mostly  near  the  latter  place.  The  details  are  givan  ou 
p.  382. 

Three  of  those  put  away  at  130  miles  from  the  Jsle  of  May,  and  two 
put  away  at  180  miles,  were  found  south  of  the  line,  in  the  same  area  as 
most  of  the  others,  namely,  on  North  Jutland. 

In  both  the  above  cases  no  drifters  were  put  away  further  east  than  180 
miles  from  the  Isle  of  ^lay,  that  is  to  say,  about  midway  between  that 
island  and  the  Naze  of  Norway,  and  they  all  moved  southward  in  the 
first  instance,  and  then  northwards  and  eastwards  along  the  Danish 
coast.  From  the  analysis  of  the  effective  winds  (p.  356)  it  will  be  seen 
that  at  the  Bell  Hock  they  blew  in  March  from  the  woat-north-vest ; 
and  further  aouth,  at  Yarmouth,  from  the  south-west,  at  the  Skaw 
from  the  north-west,  and  at  Holder  from  the  W.S.W.  In  April, 
olf  the  Scotch  coast  they  blew  from  the  south-west  and  west,  off 
the  Bi^lish  coast  and  at  Skagen  rather  from  the  east-wards ;  in 
May  from  the  northwards;  in  June  and  July  from  the  weat  or 
W.N.W. 

The  third  series  were  set  adrift  on  the  21st  August  1896,  and  five 
ware  recovered  (of  fif|iy-five  bottles  and  135  wooden  drifters),  tbraa  on 
the  English  coast  and  two  in  Norway.    Of  the  farmer,  two  were  put 
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away  ten  miles  from  the  Isle  of  May ;  one  was  found  twenty-one  days 
afterwards,  67  miles  to  the  south,  and  the  other  42  miles  to  the 
south  after  twenty-three  days.  The  third  was  set  adrift  fifty  miles 
from  the  lule  of  May^  and  was  found  on  29th  January  1897,  six  miles 
south  of  Uoly  Inland,  Northumberland,  that  is  to  say,  further  north 
than  the  others.  There  is  little  doubt,  that,  after  going  a  long  way 
in  the  usual  course,  it  was  driven  back  in  a  N.W.  direction  by  the 
reversed  movement  that  took  place  at  this  time,  referred  to  below.  One 
of  the  two  found  on  the  coast  of  Norway  was  put  away  250  miles 
from  the  Isle  of  Hay  (and,  therefore,  about  eighty  miles  west  of  the 
Naxe  of  Norway),  and  it  was  picked  up  on  the  15th  October,  fifty- five 
days  afterwards,  on  the  island  of  Bommell,  south  of  Bergen,  143  miles 
N.  by  £.  of  the  point  where  it  was  set  adrift.  The  other  was  put 
away  130  miles  from  the  Isle  of  May,  or  a  little  over  200  miles  wast 
of  the  Naze,  and  it  was  found  on  Ibth  January  1897  (150  days  after- 
wards) at  Yelmesden,  West  Lofoten,  about  800  miles  to  the  north.  It 
is  evident  that  at  this  time  there  was,  in  addition  to  the  southerly 
movement  on  the  east  coast,  a  strong  and  rapid  northerly  movemenfi  of 
the  water  to  ^e  west  of  the  Norwegian  eoast  This  is  also  shown  bj 
the  results  on  the  Hamburg  route  described  below. 

The  fourth  series  were  set  adrift  on  23rd  October  1896.  They 
comprised  only  twenty-five  bottles  and  seventy-five  drifters,  and  only  three 
have  been  recovered,  two  of  which  were  put  off  fifty  miles  east  of  the  Isle 
of  May,  and  picked  up  on  the  24th  January  1897,  one  at  Monkwear^. 
mouth,  Sunderland,  and  the  other  at  South  Shields,  both,  therefore,  oq 
the  coast  of  Durham.  The  third  was  found  in  an  unexpected  position, 
namely,  at  Sandwick  Bay,  Shetland,  on  the  a4th  March  1897.  It  is 
very  probable  that  these  bottles  were  driven  back  by  the  reversal  of  the 
movement  of  the  water'  in  December  and  January,  from  a  poaitioa 
much  further  east  and  south. 

The  fifth  series  were  set  adrift  on  6th  November  1896,  at  tlie  distances 
stated  in  the  above  table.  Only  one  has  as  yet  been  returned.  It  was 
put  away  150  miles  from  the  Isle  of  May,  and  picked  up  on  4th  March 
1897  at  Sulen,  eleven  miles  north  of  Bergen,  Norway. 

The  sixth  series  were  put  away  on  the  25th  and  26th  December  1896, 
and  a  large  number  have  been  already  returned.  Of  those  set  adrift 
at  30,  100,  and  150  miles  east  of  the  Isle  of  May  none  have  up  to 
the  present  been  recovered;  but  nine  of  the  twenty  at  200  miles, 
eight  of  the  twenty  at  250  miles,  and  seven  of  the  twenty  at  300  miles 
have  been  found  on  the  coast  of  Norway.  The  details  are  given  in 
the  Table  (p.  394).  The  earliest  found  were  those  set  adrift  at  250 
miles — that  is  about  80  miles  west  of  the  Naze  of  Norway.  On  1st  and 
2nd  January,  six  and  seven  days  later,  four  were  picked  up  near  Stavanger, 
at  from  85  to  87  miles  distant,  in  a  N.E.  by  N.  direction;  on  2nd 
January  one  was  also  found,  73  miles  distant,  at  Fjorve,  near  Farsund. 
In  February  three  others  were  picked  up,  two  near  Stavanger,  and  one 
near  the  Naze.  Six  of  the  seven  recovered  from  the  lot  set  atlrift  300 
miles  from  the  Isle  of  May  (or  about  32  miles  west  of  the  Naze)  were 
found  between  19th  and  26tn  February,  in  the  vicinity  of  Bergen,  and 
at  Qbristad  Lighthouse,  Joederen.  One  was  found  on  4th  March  near 
Molde. 
•  About  the  same  dates  (20th-28th  February)  members  of  the  lot  put 
away  at  200  miles  east  of  May  Isle — or  about  125  miles  west  of  the 
Naze — began  to  be  found,  some  near  Ber^an,  and  some  near  Stavanger, 
at  distances  of  from  about  120  to  185  miles  from  the  point  where  they 
were  immersed.    This  lot  therefore  Irav^ed  much  faster,  in  a  north-east 
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direction,  than  the  lot  at  300  miles  did,  in  a  northerly  course ;  hut  not 
nearly  so  fast  as  the  intermediate  lot,  which  travelled  N.E.  by  N.  at  the 
rate  of  over  fourteen  miles  a  day.  The  prevailing  winds  at  the  Scaw 
during  October  and  November  were  S.  by  W.  and  S.W. ;  in  December 
S. ;  and  in  January  1897  N.N.K 

Tlius  we  see  that  the  bottles  set  adrift  in  February  and  March  1895,  at 
138  and  180  miles  east  of  May  Isle,  were  found  south  of  the  line,  on  the 
coasts  of  Denmark  and  Sweden,  with  the  exception  of  one,  found  nearly  a 
year  afterwards  far  up  the  west  coast  of  Norway ;  in  August  1896  those  put 
away  at  130  and  250  miles  were  found  in  Norway ;  and  in  December  all 
those  east  of  200  miles  were  also  found  in  the  west  and  south-west  coast 
of  Norway.  None  were  recovered  on  the  south  coast  of  Norway,  and  the 
only  one  found  within  the  Skagerak  was  the  one  picked  up  near  Mar- 
strand  in  Sweden  on  4th  August. 

Between  the  Isle  of  May  and  Hamburg, 

Let  us  now  compare  the  course  of  the  drifters  put  away  along  the 
line  between  the  Isle  of  May  and  Hamburg.  They  were  set  adrift  oa 
three  occasions,  as  follows : — 


Date. 

Distance  in  Nautical  Miles  S.E.  by  £.  of  May  Isle. 

IS 

20 

SO 

50 

60 

70 

100 

ISO 

150 

200 

250 

800 

850 

•16th,  16th  August 
1896,     .     . 

•18th  October  1896 
23rd,  24th  Decem- 
ber 1896,    . 

30 

25 
80 

20 
30 

20 
20 

20 

10 
20 

10 
80 
20 

10 
15 

20 
20 

10 
15 
20 

20 
20 
20 

10 
15 
20 

20 

Eight  of  the  first  series  put  away  in  August  have  been  returned. 
One,  set  adrift  30  miles  from  May  Isle,  was  found  at  Blyth,  Northumber- 
land, 72  miles  to  the  south,  on  11th  September,  27  days  afterwards. 
None  of  those  from  50,  70,  and  100  miles  have  yet  been  returned,  but 
members  of  the  lots  put  away  at  130,  150,  200,  250,  and  300  mles  have 
been  recovered.  The  earliest  found  was  one  set  adrift  on  16th  August, 
300  miles  from  May  Isle,  or  about  65  miles  from  Heligoland.  It  was 
picked  up  on  one  of  the  Whale  Islands  (Hvaloerne),  on  the  south-east 
side  of  Christiania  Fjord,  near  the  coast  of  Sweden,  on  the  29th  Septem- 
ber, 44  days  after  immersion,  having  travelled  during  that  time  325 
miles  in  a  north-easterly  direction,  up  the  Danish  coast  and  across. the 
Skagerrak.  The  next  to  be  found  was  set  adrift  200  miles  from  May 
Isle,  or  about  170  miles  from  Heligoland,  in  the  middle  of  the  North  Sea, 
It  was  picked  up  ten  miles  east  of  Arendal,  on  the  south  coast  of  Norway, 
within  the  Skaj^errak,  on  the  2l8t  October,  having  travelled  about  296 
miles  N.E.  by  E.  in  the  66  days.  Another  of  the  same  lot  was  found 
in  November  (date  not  stated)  on  Malmo  Isle,  Lysekil,  Ooteborg, 
Sweden.  A  third — a  wootlen  slip — was  found  floating  on  4th  March 
1897  in  a  small  harbour  on  the  Island  Ramer,  about  nine  miles  east  of 
Christimsand,  S.  Norway.  One  of  those  put  away  further  west,  at 
130  miles  from  May  IsIp,  and,  therefore,  in  the  western  part  of  the  North 
Sea,  was  found  on  6th  November  at  Algeroen,  west  of  Bergen,  Norway, 

*  Mostly  wooden  drifters. 
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having  drifted  330  miles  in  a  N.E.  direction  in  82  days.  Another  of 
those  put  in  at  250  miles  from  May  Isle  was  also  picked  up  near  Bergen, 
at  Lyngoen,  on  15th  November,  91  days  afterwards;  and  one  set  adrift 
at  150  miles  from  May  Isle  was  found  on  1st  December,  107  days  later, 
near  Aalesund,  Romadal,  Norway,  480  miles  distant. 

These  results  agree  with  those  derived  from  consideration  of  the  course 
of  the  drifters  put  away  along  the  line  between  the  Isle  of  May  and  the 
Naze  of  Norway  on  21st  August.  They  show  a  movement  southwards 
along  the  English  coast,  and  a  simultaneous,  but  more  extended  and 
rapid  movement  in  a  northerly  or  north-easterly  direction  in  the  middle 
and  eastern  parts  of  the  North  Sea. 

The  results  in  October  are  somewhat  different.  Twelve  of  this  series  were 
recovered,  eleven  to  the  south,  on  the  English  coast,  and  one  which  was 
brought  up  in  a  trawl-net  from  the  Dogger  Bank ;  while  none  have  as  yet 
been  returned  from  the  Continent.  Four  of  the  five  bottles  put  away  twenty 
miles  from  the  Isle  of  May  were  picked  up  on  the  northern  part  of  the  coast 
of  Northumberland,  19  to  25  miles  to  the  south,  three  on  the  fourth  and 
one  on  the  sixth  day  after  immersion.  One  put  in  at  thirty  miles  was  found 
on  3rd  November,  sixteen  days  later,  on  the  coast  of  Yorkshire,  84  miles 
to  the  south ;  and  four  of  those  put  away  at  fifty  miles  from  the  Isle  of  May 
were  found  on  the  southern  part  of  the  Yorkshire  coast,  from  83  to  93  miles 
distant,  on  the  fourteenth  and  fifteenth  day.  The  other  two  found  on 
the  English  coast  belong  to  another  category.  One  of  them  was  set  adrift 
at  70  miles  and  the  other  at  130  miles  from  May  Isle,  and  they  were 
both  found  on  the  coast  of  Northumberland  97  and  98  days  later,  on 
23rd  and  24th  January.  They  were  almost  certainly  well  on  their  way 
to  the  Continent  when  they  were  driven  back  by  tbe  reversed  movement 
of  the  water  in  January ;  and  this  circumstance  probably  explains  why 
none  of  this  series,  nor  of  the  series  put  in  on  the  Norwegian  route  in 
October  and  November,  have  yet  been  returned  from  the  Continent.  They 
would  be  carried  back  again,  and  were  most  likely  still  off  the  English 
coast  at  the  end  of  January. 

Only  one  of  the  series  set  adrift  on  23rd  and  24th  December  has  as ' 
yet  been  recovered.  It  was  put  in  350  miles  from  May  Isle  (about  24 
miles  from  Heligoland)  on  24th  December,  and  found  eighty  miles  to  the 
north  at  the  Horn,  Denmark,  on  5th  January,  sixteen  days  afterwards. 
The  prevailing  wind  in  December  was  at  Helder  W.S.  W.,  at  the  Scaw  S. ; 
in  January  1897,  at  Helder  E.  by  S.  strong,  and  at  the  Scaw  N.N.E. 

Between  the  English  and  Dutch  Coasts, 

The  third  line  along  which  drifters  were  put  away  extended  from  a  point 
twelve  miles  N.£.  by  E.  of  Flamborough  Head  to  the  Hook  of  Holland, 
and  they  were  set  adrift  on  the  1st  November  1896,  and  the  3rd  January 
1897.  The  details  are  given  in  the  Table  on  pages  392,  395.  Altogether 
143  bottles  and  70  wooden  slips  were  thrown  over  on  this  line,  and 
although  many  of  them  were  put  away  near  the  Dutch  coast,  and  almost 
all  the  others  about  midway  between  Holland  and  Norfolk,  none  were 
recovered  on  the  Continent  until  April,  1897,  when  some  were  picked 
up  on  the  coast  of  Jutland,  Denmark. 

The  principal  objects  in  selecting  this  area  for  experiment  were  to 
ascertain  (1)  whether  the  current  that  proceeds  northwards  along  the 
coast  of  Denmark  was  associated  with  a  northerly  movement  from  the 
Channel ;  (2)  whether  the  southerly  movement  of  water  on  the  east  coast 
penetrated  to  the  Channel.  So  far  as  the  experiments  have  gone,  they 
indicate  that  neither  of  these  movements  takes  place,  and  that  the  cir- 
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culation  in  the  North  Sea  (which  we  have  seen  at  this  period  to  have 
been  very  marked)  appears  to  be  confined  to  water  derived  from  the  north. 
This  conclusion  must,  however,  be  looked  upon  as  tentative,  because  the 
experiments  here  were  limited  to  November  and  January,  and  sufficient 
time  has,  perhaps,  scarcely  yet  eJapsed  to  show  the  ultimate  course  of  all 
the  bottles.  It  has  also  to  be  borne  in  mind  that  in  January  the  usual 
course  of  the  water  was  for  a  time  reversed  ;  although  this  circumstance 
might  have  been  expected  to  favour  the  escape  of  surface  water  to  the 
south  by  the  Channel. 

Of  those  put  away  on  1st  November,  nine  were  recovered,  in  a  bunch, 
80  to  speak,  all  on  the  29th  of  the  same  month,  in  the  neighbourhood  of 
Yarmouth,  Norfolk.  Eight  of  these  were  set  adrift  47 J  miles  E.  |  S.  of 
Grimsby ;  they  had  therefore  moved  directly  southwards  distances  ranging 
from  about  59  to  67  miles  in  the  twenty-nine  days.  The  other  was  put 
away  46  miles  N.E.  by  E.  J  E.  of  Cromer,  Norfolk ;  it  had  therefore 
moved  in  a  south-westerly  direction  about  50  miles.  The  eflTective  wind 
at  Yarmouth  during  November  blew  strong  from  the  N.E.  J  E  ;  and  at 
Helder  from  N.E.  J  E.  It  is  of  interest  to  note  that  another  drifter  of 
this  lot  was  picked  up  on  6th  April  1897,  at  Thompstrand,  Thisted,  Den- 
mark. It  indicates  that  the  surface  water,  driven  back  by  the  exceptional 
wind  conditions,  resumed  its  usual  course  later.  This  is  also  shown  by 
the  fact  that  one  of  the  lot  put  away  on  the  same  day,  not  far  distant, 
namely,  57  miles  E.  J  S.  of  Cromer,  was  found  on  2nd  April  1897, 
thirty  miles  east  of  Hantsholm,  Denmark. 

Seventeen  have  been  up  to  the  present  recovered  of  the  second  series  set 
adrift  on  3rd  January,  all  but  one  on  the  English  coast ;  two  on  the  15th 
January,  and  all  the  others  between  the  20th  and  26th  January.  The  two 
found  on  the  15th  were  put  away  52  miles  E.  J  S.  ojf  Grimsby,  and  were 
picked  up  on  the  coast  of  Yorkshire  between  Flam  borough  Head  and  Filey. 
They  had  therefore  drifted  in  a  north-west  direction,  contrary  to  the  usual 
course,  for  over  60  miles  in  twelve  days.  Four  others,  set  adrift  43  miles 
N.E.  by  E.  of  Cromer,  Norfolk,  were  found  on  23rd,  24th,  and  26th 
January,  west  of  Cromer,  Norfolk,  45  to  48  miles  from  where  they  were 
immersed ;  these  had  been  carried  west  by  south.  Three  put  away  57 
miles  K  i  S.  from  Cromer  were  found  on  22nd  and  24th  January  a  little 
south-east  of  Cromer ;  they  had  therefore  been  carried  westwards  for 
about  sixty  miles.  Two,  put  in  51  miles  E.  by  N.  |  N.  of  Lowestoft, 
were  found  still  further  to  the  south  of  Cromer,  on  22nd  January,  having 
drifted  westwards  for  about  65  miles ;  and  five,  set  adrift  32  miles  N.  by 
W.  of  the  Hook  of  Holland,  were  found  on  20th  and  2 1st  January  in  the 
neighbourhood  of  Great  Yarmouth,  having  been  carried  in  the  seventeen 
days  about  90  miles  in  a  north-west  direction.  But  on  5th  April  1897,  one 
of  those  set  adrift  32  miles  off  the  Hook  of  Holland  was  picked  up  seven 
miles  west  from  the  Skaw,  Denmark ;  showing  as  in  the  previous  cases  a 
northerly  movement  of  the  surface  water. 

The  person  who  returned  one  of  tlie  bottles  on  the  24th  January 
informed  me  that  "  a  terrific  E.N.E.  gale  had  been  raging  from  the  21st,*' 
and  this  hftlps  to  account  for  the  unusual  course  taken  by  the  drifters  in 
the  above  cases.  On  referring  to  the  Daily  Weather  Eeport  issued  by 
the  Meteorological  Office,  it  will  be  found  that  at  Helder  in  the  Nether- 
lands, at  Yarmouth,  and  at  Spurn  Head,  Yorkshire,  the  winds  from  the 
3rd  to  the  7th  January  were  blovring  from  the  S.W.,  S.,  S.E.,  and 
E.S.E.,  gentle  and  moderate ;  on  the  8th  and  9th  they  blew  strong  from 
the  east,  and  they  continued  almost  always  from  the  east,  north-east,  and 
east-north-east,  moderate  or  fresh,  until  the  21st,  when  they  blew  strong 
from  N.E.  and  E.N.E.     On  the  23rd  a  heavy  N.N.E.  gale  sprang  up  over 
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the  North  Sea,  and  continued  the  following  day.  It  has  also  to  be  noted 
that  during  the  preceding  months  the  effective  winds  in  the  southern  part 
of  tlie  North  Sea  blew,  as  a  rule,  from  an  easterly  direction ;  for  example, 
at  Yarmouth  they  blew  from  E.S.E.  J  S.  in  October;  from  N,E.  J 
K.»  strong,  in  November;  from  S.E.  \  K,  strong,  in  December;  in 
January  tiey  blew  from  E.N.E.  The  existence  of  the  strong  winds  and 
gakA  from  the  N.E.,  E,  and  E.N.E.  no  doubt  explains  the  westward 
movement  of  the  bottles,  and  it  is  noteworthy  that  they  also  went  north- 
vards  along  the  east  coast,  some,  as  we  have  seen,  being  got  ix\  YorkaUire. 
Strgng  north-east  and  easterly  winds  appear  to  heap  up  the  water  pn  this 
pari  of  the  east  coast,  and  owing  to  the  configuration  of  the  coast  aiad  tha 
bo^lom  it  escapes  in  a  north-westerly  direction  along  the  coast. 


2.  Sbasonal  Variations. 

It  is  evident  from  the  description  given  of  the  course  of  the  driftws 
throughout  the  period  covered  by  the  experiments  that  the  surface  water 
in  the  North  Sea  has  a  general  movement  southwards  along  the  western 
side  and  northwards  along  the  eastern  side.  Before  considering  how  this 
movement  is  related  to  the  effective  winds  it  will  be  well  to  consider 
whether  any  variation  is  apparent  at  different  aeasons.  In  ika  Moray 
Firth,  east  of  the  third  degree  of  west  longitude,  the  drifters  put  away  in 
October  (1894  and  1896)  were  found  on  the  south  coast  of  the  Firth  in 
the  same  month  and  in  November ;  those  put  away  at  the  end  of  February 
(1895)  were  found  in  March;  those  put  away  in  March  (1895,  1896) 
were  picked  up  in  the  same  month  and  in  April ;  and  those  set  adrift  in 
July  were  found  in  July  and  August.  The  drifters  put  away  on  the  east 
coast  in  February,  March,  April,  May,  June,  July,  August,  September, 
October,  November,  December,  in  the  various  years,  were  found  to  the 
south  in  the  same  month  or  later,  with  the  exception  of  those  at  the  end 
of  December  1896,  when  the  reversed  movement  began.  None  were 
set  adrift  on  the  east  coast  in  the  month  of  January.  In  all  the  months, 
then,  during  which  the  drifters  were  thrown  in  on  the  past  coast  (except 
December  1896),  they  moved  southwards,  which  seems  to  prove  that  the 
southward  movement  of  the  surface  waters  on  the  western  side  of  the 
North  Sea  is  practically  continuous  and  does  not  vary  with  the  seasons. 

There  is  not  the  same  regularity  or  continuity  shown  in  the  times  when 
the  drifters  were  found  on  the  coasts  of  Holland,  Germany,  and  Denmark. 
This  is  clear  from  the  following  table ;  and  for  comparison  the  months 
during  which  drifters  were  stranded  on  the  English  coast,  south  of  Durham, 
where  the  coast  line  begins  to  project  markedly  eastwards,  are  included. 

From  this  table  it  will  be  seen  that  while  bottles  were  recovered  on 
the  coast  of  Yorkshire  in  January,  February,  May,  June,  July,  August, 
November,  and  December,  they  were  found  in  Holland  in  February. 
June,  July,  and  August,  and  in  Germany  only  in  July.  On  the  coast  of 
Denmark  they  were  found  in  January,  April,  July,  August,  September, 
October,  and  November,  but  in  very  different  proportions.  Thus,  only 
one  was  found  in  January,  July,  October,  and  November  respectively ; 
while  twenty-one  were  recovered  in  August  and  twenty-nine  in  September. 
It  will  also  be  noticed  that  it  was  only  in  1895  that  they  were  stranded  in 
August  and  September  on  the  Danish  coast ;  in  1896  only  one  was  found 
in  August' and  none  were  found  in  September.  Further,  it  will  be  seen  that 
those  found  in  August  1895  in  Denmark  were  set  adrift  in  tlie  previous 
November,  February,  and  March,  and  those  found  in  September,  in 
February,  March,  April,  and  May.    These  facts  point  to  the  conclusion  that 
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Found  in 

Set  Adrift  on 
East  Coast  of 

. 

Scotiand. 

Yorkshire. 

Lincolnshire. 

Holland. 

Germany. 

Denmark. 

Nov.  1894, 

Feb.  1895,  5 

Aug.  1896, 1 

July  1896,  3 

Aug.  1895,  2  • 

Dec.  1894, 

Feb.  1895,  9 

Feb.  1806,  2 

Feb.  1896, 

, 

Aug.  1896,  9 

It      t« 

, 

Sept.  1896, 6 
July  1896,1 

t 

, 

t 

Aug.  1896,  2 

tMarch  1896,  / 

May  1895, 1 
June  1895, 1 

/Aug.  1896,  2 
tSept.1896,15 

t     M          „          . 

Aug.  1896.  5 

Aprin896,  •    -j 

June  1895, 1 
July  1896, 1 

[Sept.  1896,  4 

Hay  1896. 

Sept.  1896, 4 

July  1895, 

, 

Oct.  1896, 1 

Auguatl896,   . 

• 

Feb.  l»»7i 
(June  1896, 
^Jnly     M     2 
(Aug.     „     1 

) 

Jan.  1886, 1 

March  1896,    -1 

, 

' 

\  July,l 

, 

( 

> 

April      „ 

Aug.  1896. 1 

May       ..       . 

Aug.  1896, 1 

, 

June      „ 

M           M        4 

July       „       . 

Dec  1896,1 

Nov.  1896, 1 

Oct.        „      { 

Not.  1896,  5 

. 

Jan.  1897, 1 

• 

*  These  were  probi^ly  at  first  carried  northwards. 

t  180  and  180  miles  east  of  May  Isle. 

%  A  number  of  these  were  got  on  Northumberland  and  Durham  also. 

%  This  drifter  was  put  away  in  the  very  north  of  Scotland,  off  the  coast  of  Caithness. 

there  was  an  exceptional  concentration  of  the  surface  water  towards  the 
Danish  coast  in  August  and  September  1895 ;  and  on  referring  to  the 
wind  chart  I  find  that  in  June,  July,  August,  and  September  the  effective 
winds  blew  from  a  westerly  direction,  inclining  sometimes  towards  the 
north  and  sometimes  towards  the  south  (see  Table,  p.  358).  In  the  cor- 
responding period  of  1896  the  effective  winds  were  less  strong,  although 
much  in  the  same  direction. 

3.  Thb  Cause  of  thb  Movement  of  the  Surface  Waters. 

The  full  discussion  of  the  causes  that  produce  the  movement  of  the 
surface  water  in  the  North  Sea  will  be  best  dealt  with  by  Professor 
Pettersson  when  he  is  dealing  with  the  subject  generally.  But  some 
poibts  may  be  here  referred  to.  The  factors  that  appear  to  bear 
upon  the  question  are : — (1)  The  movement  of  the  Atlantic  water, 
or  Gulf  Stream,  across  the  north-western  and  northern  boundary 
of  the  North  Sea ;  (2)  the  action  of  the  Baltic  current  passing  out  of 
the  Skagerrak  during  the  greater  part  of  the  year  in  a  westerly  direction 
along  the  south  coast  of  Norway,  and  then  in  a  northerly  direction  along 
the  west  coast ;  (3)  the  minor  influence  of  the  rivers  that  flow  into  the 
North  Sea,  and  whose  waters  pass  for  the  most  part  in  the  direction 
taken  by  the  surface  water  as  above  described  ;  (4)  the  earth's  rotation ; 
(5)  the  direction  of  the  tidal  streams  \  (6)  the  action  of  the  wind. 

The  Prevailing  or  Effective  Winds, 

The  wind  appears  to  be  the  most  important  influence  in  determining  the 
movement  of  the  surface  water  in  the  North  Sea,  and  I  was  anxious  to 
ascertain,  as  precisely  as  possible,  the  relation  between  this  movement  and 
the  prevailing  winds.  For  this  purpose  the  direction  and  force  of  the 
winds  each  day  from  Ist  September  1894  to  31st  January  1897  at  the 
following  stations  were  tabulated,  comprising  over  12,000  observations : — 
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In  Scotland,  at  North  Unst,  Shetland,  Fair  Isle,  Wick,  Buchan  Ness, 
Girdle  Ness,  Bell  Rock,  St  Abbs ;  in  England,  at  Shields,  Spurn  Head, 
and  Yarmouth ;  on  the  Continent,  at  Holder,  Cuxhaven,  the  Scaw,  and 
Skudesuaes.  The  information  for  the  English  and  Continental  stations 
was  obtained  from  the  Daily  Weather  Reports  published  by  the  Meteoro- 
logical Office ;  that  for  the  Scottish  stations  from  the  daily  records  in 
the  possession  of  the  Scottish  Meteorological  Society,  which  were  kindly 
lent  to  me  by  Dr  Alexander  Buchan,  the  secretary,  who  has  also  given 
me  the  benefit  of  his  great  experience  on  this  part  of  the  subject  In 
the  English  and  Continental  returns  the  observations  taken  at  8  a.m., 
and  in  the  Scottish  returns  the  record  of  the  prevailing  wind  during 
the  previous  twenty-four  hours  were  selected.  As  might  have  been 
anticipated,  the  latter  records  were  much  more  satisfactory  than  the 
former,  which  gave  the  direction  and  force  of  the  wind  only  at  one  point 
in  the  twenty-four  hours.  A  better  result  would  doubtless  have  been 
obtained  by  combining  the  8  p.m.  observations,  but  the  labour  was  too 
great.  The  tabulated  observations  in  both  cases  were  of  direct  use  in 
tracing  the  action  of  the  wind  over  a  short  period  ;  but  it  was  necessary 
for  my  purpose  to  obtain  a  resultant  showing  the  direction  and  force  of 
the  wind  for  each  month,  and  this  resultant  I  have  termed  the  effective 
wind.  The  method  by  which  this  was  accomplished  was  as  follows  : — 
The  observations  at  North  Unst,  Shetland,  Buchan  Ness,  the  Bell  Rock 
Lighthouse,  Shields,  Yarmouth,  Holder  and  the  Skaw  were  selected. 
Gentle  breezes  were  omitted  from  consideration,  but  fresh  breezes,  strong 
breezes  and  gales  were  included,  their  force  being  indicated  according  to 
the  Beaufort  scale ;  and  such  winds  in  each  month  at  each  station  were 
represented  according  to  their  direction  by  a  line  whose  length  corres- 
ponded to  the  force  of  the  wind,  \  of  an  inch  being  taken  as  =  1.  By 
combining  the  lines  into  a  polygon  of  forces,  the  restUtant  or  effective 
wind  for  the  month  at  the  stations  was  obtained  ;  and  by  combining  the 
twelve  monthly  resultants  in  the  same  way  the  resultant  or  effective  wind 
for  the  whole  year  was  determined. 

The  results  are  given  in  the  following  Table,  and  shown  in  the  poly- 
gons on  pi.  XI.  Comparison  can  therefore  be  made  between  the  effec- 
tive winds  in  each  month  and  the  course  of  the  drift-bottles  as  detailed 
in  the  Tables     . 

It  will  be  noticed  that  although  the  direction  of  the  effective  wind 
in  the  same  month  at  a  particular  station  usually  varied  considerably  in 
the  two  years,  the  resultant  direction  for  the  whole  year  is  practically 
the  same  at  the  Scotch  stations  in  1895  and  1896.  At  these  stations 
the  results  are  founded,  as  has  been  said,  on  the  prevailing  direction 
for  each  twenty-four  hours,  and  not  merely  on  a  single  daily  observa- 
tion, as  with  the  English  and  Continental  results.  For  example,  the 
effective  wind  at  North  Unst  blew  from  W.S.W.  J  S.  in  1895,  and 
from  W.S.W.  in  1896 ;  at  Buchan  Ness  it  blew  from  W.  by  S.  {  S. 
in  1895,  and  from  S.W.  by  W.  in  1896  ;  at  the  Bell  Rock  it  blew  from 
W.  by  N.  i  W.  in  1895,  and  from  W.  by  N.  in  1896.  These 
stations  are  considerably  distant  from  one  another,  at  points  from  tho 
extreme  north  to  the  southern  part  of  the  east  coast  of  Scotland ;  and 
by  combining  the  resultants  in  the  two  years  I  find  the  mean  direc- 
tion of  the  effective  wind  to  have  been  W.  by  S.  J  W.  in  1895  and 
W.  by  S.  J  W. — practically  the  same — in  1896.  In  the  four  months 
of  1894  during  which  the  experiments  were  carried  on — September  to 
December — the  resultant  for  the  period  was: — Unst,  W.N.W.  i  W., 
Buchan  Ness,  W.S.W. ,  Bell  Rock,  W.  by  N.,  and  the  mean  for  the 
three  stations  was  W.  ^  S.     It  is  therefore  clear  that  over  tho  whole 
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time  from  September  1894  to  December  1896,  the  preYftiiing  winds  on 
ih©  east  coast  of  Scotland  blew  from  between  the  two  pointa  W.  and  W.  by 
S.  If  the  direction  of  the  prevailing  winds  at  each  of  the  three  Scotch 
etations  be  marked  on  a  chart  (see  pi.  x.),  it  will  be  found  that  at 
North  Unst,  in  both  years,  it  points  towards  the  north  of  Norway 
parallel  to  the  coast ;  at  Buchan  Ness,  Aberdeenshire,  it  points  in  both 
years  to  the  southern  part  of  the  west  coast  of  Norway ;  iu  1895  to  the 
vicinity  of  Skudesnaes  ;  in  1896  to  the  neighbourfiood  of  the  Sogne 
Fjord  (wilh  Bergen  midway  between) ;  at  the  Bell  Rock*  it  points  in 
both  years  to  the  coast  of  Jutland,  in  the  vicinity  of  the  Limfjotd. 
And  Dr  Buchan  informs  me  that  the  prevailing  wind  in  Scotland,  ae  a 
whole,  is,  as  a  general  rule,  W.S.W. 

It  is,  I  think,  evident  from  these  facts  that  the  movement  of  the 
floats  on  the  east  coast  of  Scotland  is  not  directly  and  immediately  due 
to  the  action  of  the  prevailing  winds ;  it  is  also  clear  that  the  drifters  are 
not,  as  has  been  sometimes  contended,  driven  by  the  wind  independently 
of  the  movement  of  the  water  in  which  they  are  suspended.  If  they,  or 
the  surface  water,  were  merely  driven  before  the  wind  from  the  east  const 
of  Scotland,  the  general  course  would  be  north-east  and  easterly,  whereas 
we  have  seen  that  the  almost  invariable  course  is  southerly,  at  right  angles 
to  the  direction  of  the  prevailing  wind.  That  is,  I  think,  an  important 
point  to  establish. 

The  resultant  wind  at  the  English  and  Continental  stations  does  not 
show  the  same  agreement  in  the  two  years,  a  circumstance  probably  due 
to  the  fact  thU  the  calculation  was  baaed  only  on  the  8  a.m.  observations. 
At  Shields,  the  prevailing  wind,  on  the  basis  stated,  blew,  in  1896,  from 
N.N.W.  i  N,  and,  in  1896,  from  S.W.  by  W.  \  W. ;  at  Yarmouth,  in 
1895,  it  blew  from  E.  \  S.,  and,  in  1896,  from  N.  |  W. ;  at  Helder,  In 

1895,  it  blew  from  W.  ^  N.,  and,  in  1896,  from  W.N.W.  J  W. ;  at  the 
Scaw  it  blew,  in  1895,  from  N.,  and,  in  1896,  from  W.S.W.  J  W.  The 
variation  is  therefore  considerable.  By  grouping  together  the  three 
southern  stations.  Shields,  Yarmouth,  and  Helder,  the  resultant  for  1895 
is  N.W.  by  W.  \  W.  (3-3),  and  for  1896  N.W.  by  W.  \  W.  (50-6), 
practically  the  same  direction,  but  much  stronger  ;  and  the  four  months, 
September  to  December  1894,  give  for  the  group  N.W.  J  W. 

If  the  two  English  stations,  Shields  and  Yarmouth,  be  taken  together, 
the  combined  resultants  are: — In  1896,  N.E.  by  N. .|  E.  (3'3),  and,  in 

1896,  N.W.  {  W.  (5-6).  The  two  Continental  stations,  Helder  and  ^e 
Scaw  combined,  give  for  1895  W.  by  N.  \  W.  (Ill),  and  for  1896  W. 
by  N.  ^  W.  (139).  In  the  four  months  of  1894,  September  to  Decem- 
ber, the  resultant  for  the  two  English  stations  is  N.  \  E.  (30),  and  for 
the  two  Continental  stations  W.  \  S.  (48).  We  thus  see  that  while  the 
yearly  resultant  at  the  different  stations — each  founded  on  a  possible 
maximum  of  365  observations — varies  somewhat  in  the  two  years,  this 
variation  is  reduced  when  the  stations  are  combined,  and  tlie  number  of 
observations  thereby  doubled  or  trebleil.  It  must  be  remembered  that 
the  observations  exclude  light  airs  and  gentle  breezes ;  and  an  examina- 
tion of  the  daily  weather  reports  shows  that  when  a  fresh  or  strong  breeze 
is  blowing  it  usually  blows  from  about  the  same  quarter  at  the  stations 
in  the  same  areas.  While  the  combination  of  the  observations  at  two 
stations  reduces  the  variation  shown  in  the  two  years,  it  also  approxi- 
mates the  resultants  to  those  obtained  from  the  more  extensive  observa- 
tions at  the  Scottish  stations.  Thus,  while  in  each  of  the  years  the 
prevailing  wind  is  westerly,  the  southerly  element  is  also  well  marked 
at  the  most  northern  station  (North  Unst,  Shetland)  and  at  Buchan  Ness, 
Aberdeenshire,  and  a  northerly  element  comes  in  at  the  Bell  Bock.      The 
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resultants  at  the  Euglish  statioDs  show  a  still  greater  increase  in  the 
northerly  element ;  at  the  two  Continental  stations  it  is  less  marked  and 
resembles  the  condition  at  the  Bell  Rock. 

It  seems,  therefore,  to.be  tolerably  certain  that  during  the  time  the 
experiments  were  in  progress  the  prevailing  wind  in  the  southern  part  of 
the  North  Sea  was  somewhere  about  north-west,  a  direction  which  would, 
in  this  case,  rather  favour  the  south-eastward  movement  of  the  water 
from  the  Yorkshire  coast  towards  the  coast  of  Holland,  where,  however, 
very  few  drifters  were  obtained.  At  Holder,  the  prevailing  wind  for  the 
last  four  months  of  1894  was  W.  \  N.  (42'5),  for  1895  it  was  also 
W.  i  N.  (105),  and  for  1896  W.N.W.  {  W.  (97),  more  westerly  and 
stronger  than  on  the  English  coast  (see  figs.  6,1 3,  20,  pi.  xi.).  Winds  blow- 
ing in  this  direction  ofif  the  north  coast  of  HoUand  would  tend  to  drive  the 
surface  water  towards  the  coast  of  Schleswig,  where  very  few  drifters 
were  found.  At  the  Scaw  the  resultant  is  only  well  marked  in  1896, 
and  indicates  a  W.S.W.  \  W.  wind,  with  a  force  or  duration  of  48.  In 
1895,  it  was  N.  (7*5),  and  for  the  four  months  of  1894  S.W.  (9).  If 
south-west  winds  prevailed  along  the  west  coast  of  Denmark,  as  appears 
likely,  they  would  tend  to  move  the  surface  water  approximately  in  the 
direction  the  drifters  took  at  this  part  of  the  North  Sea. 

From  the  above  discussion  of  the  effective  winds  during  the  period  the 
experiments  were  being  made,  it  is,  I  think,  evident  that  the  direction  of 
the  wind  was  approximately  coincident  with  the  general  direction  of  the 
movement  of  the  surface  water  only  at  a  limited  portion  of  the  southern 
part  of  the  east  coast  of  England,  on  the  west  coast  of  Norway,  and, 
probably,  at  the  northern  part  of  the  coast  of  Denmark.  But  the  most 
constant  and  outstanding  feature  in  the  experiments,  the  movement  of 
the  water  down  the  whole  east  coast  of  Scotland  and  the  northern  part  of 
the  east  coast  of  England,  in  a  S.  by  W.,  S.  and  S.  by  K  direction,  is  a 
movement  at  right  angles  to  the  prevailing  winds,  and  cannot,  therefore, 
be  due  to  their  direct  action.  In  the  northern  part  of  the  east  coast  of 
Scotland,  the  movement  of  the  water  is  rather  opposed  to  the  prevailing 
winds. 

The  Tidal  Streams. 

Before  going  further  I  may  allude  to  another  factor  that  may  bear 
upon  this  southerly  movement  of  the  water  on  our  east  coast,  namely,  the 
tidal  stream,  which  appeared  to  me  at  one  time  to  be  the  most  important. 
The  tidal  wave  which  causes  high  water  on  the  east  coast  travels  in  the 
same  direction  as  the  movement  of  the  surface  water  as  shown  by  the 
drifters ;  southwards  from  Shetland  in  the  north  to  Flamborough  Head, 
Yorkshire,  in  the  south,  at  the  rate  of  about  55  miles  an  hour ;  and  it 
then  passes  to  the  east  and  northwards  along  the  coasts  of  Holland  and 
Germany  and  Denmark.  From  the  similarity  of  the  direction  taken  by 
the  drifters,  I  assumed  that  the  south-going  tidal  stream  was  probably  the 
etficient  cause  of  their  movement ;  but  I  have  seen  reason  to  modify  this 
view.  In  the  first  place,  a  high  authority  on  the  subject  of  the  tides 
around  our  coasts,  to  whom  I  wrote,  assured  me  that  the  north-going  ebb- 
stream,  which  moves  in  the  opposite  direction,  is  stronger  than  the  flood- 
tide  ;  and  that  he  would  expect  the  majority  of  the  drifters  to  be  found 
to  the  north  of  the  place  where  they  were  thrown  into  the  sea.  From 
the  gradual  rise  of  the  bottom  of  the  North  Sea  from  north  to  south,  one 
would  expect  this  to  be  the  case,  the  inclination  (as  well  as  the  prevailing 
wind  off  the  Scottish  east  coast)  favouring  a  more  rapid  run  to  the  north. 
I  endeavoured  to  learn  the  opinions  of  the  coastguard  at  some  parts 
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of  the  coast  on  this  subject,  but  only  ascertained  that  the  current 
off  the  coast  runs  north  and  south.  In  the  second  place,  I  think  a 
study  of  the  action  of  the  winds  over  the  North  Sea,  during  the  period  of 
the  experiments,  shows  that  the  prevailing  winds  will  largely  account  for 
the  movement  of  the  water.  The  circumstance  that  the  course  of  the 
tidal  movement  of  flood  and  ebb  has  the  same  range  as  the  movement  of 
the  drift  bottles  appears  to  be  due  to  the  configuration  of  the  coasts,  and 
of  the  bottom ;  the  North  Sea  is  practically  a  basin  or  bay,  and  the 
communication  with  the  Channel  seems  to  have  very  little  connection 
with  the  movement  of  the  water.  The  crosfj-soction  at  the  Straits  of 
Dover  is  very  much  less  than  that  of  the  northern  opening  between 
Duncansby  Head  and  the  nearest  point  on  the  Norwegian  coast.  As  was 
previously  stated,  none  of  the  thousands  of  drifters  put  away  on  the  east 
coast  have  been  got  south  of  a  line  between  the  Wash  and  Helder  ;  and 
none  of  those  put  off  between  Norfolk  ^and  Holland,  south  of  a  line 
between  Lowestoft  and  Helder,  although  the  tidal  stream  from  [the  east 
coast  penetrates  to  the  Thames. 

Let  us  now  consider  the  influence  of  the  prevailing  winds  as  above 
described.  At  North  Unst,  Shetland,  the  direction  of  the  wind  coincides 
generally  with  the  direction  of  the  Gulf  Stream,  or  Atlantic  current,  which 
impinges  on  and  passes  up  the  western  coast  of  Norway.  At  Buchan 
Ness,  about  190  geographical  miles  further  south,  it  blows  in  much  the 
same  direction,  and  will  tend  to  heap  up  the  water  on  the  south-west 
coast  of  Norway.  At  the  Bell  Rocl^  65  miles  (geog.)  further  south,  it 
blows  from  the  W.  by  N.;  and  along  the  east  coast  of  England  from  a 
point  somewhat  more  to  the  north.  The  general  action  of  the  wind  then 
in  the  North  Sea  tends  to  drive  and  heap  up  the  surface  water  on  the 
eastern  side,  which  is  very  shallow  south  of  the  Skagerak.  It  cannot 
escape  to  the  soutH  6 wing  to  the  narrow  orifice  of  the  Channel  and  the 
shallows,  and  it,  therefore,  passes  northwards  along  the  coast  of  Schleswig 
and  Denmark,  and  joins  the  current  passing  up  the  Norwegian  coast  and 
that  issuing  from  the  Baltic,  sometimes  penetrating  into  the  Skagerrak. 
Pettersson  has  shown  that  the  strong  current  that  usually  flows  westwards 
from  the  Baltic  passes  along  the  south  coast  of  Norway  and  thence  north- 
wards along  the  west  coast,*  and  the  north-going  current  along  the  west 
coast  of  Norway  is  well  known. 

It  is,  I  think,  chiefly  in  consequence  of  this  tendency  for  the  heaping 
up  of  water  on  the  eastern  side  of  the  North  Sea  and  its  passage  north- 
wards that  water,  flowing  in  from  the  Atlantic  around  the  North  of  Scot- 
land, passes  down  the  east  coast  of  Scotland  and  England,  as  previously 
explained,  to  take  its  place.  That  the  wind  is  a  potent  factor  in  pro- 
ducing this  movement  is  shown  by  the  conditions  attending  the  exceptional 
reversal  of  the  movement  of  the  water  to  which  reference  has  been 
frequently  made,  and  which  may  now  be  more  fully  described.  The 
rotation  of  the  earth  is  no  doubt  also  of  importance. 

4.  Rbvrrsal  of  the  Normal  Current. 

In  December  1896,  and  especially  January  1897,  a  number  of  drifters 
were  picked  up  on  the  east  coast,  to  the  north  of  the  place  where  they  were 
thrown  into  the  water.  Some  of  these  belonged  to  groups  which  had  been 
put  in  a  considerable  time  before,  and  members  of  which  had  been  pre- 
viously found  to  the  south,  as  usual.  Others  were  set  adrift  in  December 
and  January,   and  rapidly   moved   northwards.     Further,  some  thrown 

•  Joum,  Scot,  Otogr,  Soc.,  July  1894. 
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Fia.  3.— <;hart  of  North  Sea,  showing  the  rerened  movement  of  the  surface  water  hi 
Deceml>er  1896  and  January  1897. 
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in  34  fliikfl  -from  tib«  Hook  of  Holland  on  3rd  JanuAry,  travellod  rapidljr 
we8lwB3rd%  ftnd  were  found  on  tke  Norfolk  ooftet  twenty-one  dey«  ktor. 

Foe  example  of  a  lot  set  adrift  in  the  Moray  Firth  on  22nd  July  1606^ 
three  were  recovered  within  a  few  days,  on  the  Banffdhire  eoafiti  to  the 
south,  and  one  was  picked  up  on  7th  Deoember  in  Shetland.  At  the 
lime  they  were  put  away  we  have  already  seen  that  the  current  was,  ae 
QAual,  running  to  the  south  (p.  343  and  taUe  p.  387).  The  one  pioked  up  in 
Shetland  had  probably  passed  round  Rattray  Head|  and  was  well  on  ito 
wiy  southward  when  it  was  earried  by  the  reversed  movement  northward 
aa  far  aa  Shetland.  Others,  put  away  in  August  and  October  eaait  of  the 
Isle  of  May,  were  found  in  January,  about  the  eaoie  datoi  <m  the  ooaat 
fo  Northamberland  and  Durham  (pp.  390,  391).  Three  set  adrift  at 
Orkney  on  3rd  November  were  found  at  Shetland  on  the  14th  and  22nd 
December.  The  "  Qarland,"  coming  down  the  coast  on  Deoember  28th 
and  29th|  set  adnft  a  number  of  bottles  at  various  placeei  luid  all  those 
recovered  were  found  to  the  north,  as  far  north  as  Orkney.  One^  for 
instanoe,  put  sway  on  28th  December,  off  Bervie,  Kincardineshirei  was 
found  in  Orka^,  135  miles  to  the  norths  sixteen  days  later.  From  off 
Buchan  Ness  one  was  also  found  in  Orkney  ;  from  the  Bell  Rock  and  the 
Isle  of  May  they  were  found  in  Aberdeeushire,  travelliug  about  65 
miles  in  ten  days.  Further  down  the  coast  some  were  stranded  on  the 
ooast  of  Durham  and  Northumberlandi  which  ought»  in  the  usual  course, 
to  have  been  far  awi^  to  the  Bonth  and  east.  Others  put  away  off  the 
eoast  of  Lincoln  on  3rd  January  1897  were  found  on  the  Yorkshire  eoi»t« 
over  ^aix^  miles  to  the  north-w^t  within  twelve  days ;  those  put  away 
north-east  and  east  of  Norfolk  at  the  same  time^  were  found  on  ikd 
oeMt  of  Noilolk,  and  it  is  noteworthy  they  travelled  much  ^wer  at  this 
part  of  the  North  Sea  <han  those  further  nortk  Finally,  the  drifters  put 
away  near  the  Hook  of  Holland  moved  westwards  to  Norfolk.  There  m 
therefore  no  question  that  at  this  time  the  movement  of  the  water  was 
reversed. 

Now^  it  wtU  be  eeen  from  the  table  (p.  358)  and  the  chart  <P1.  XI.) 
that  the  winds  daring  Deoember  and  January  were  blowing  from  the 
south  and  eaM^  as  follows  : — 
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An  examination  of  the  daily  records  ehowa  <hat  strong  winds  and 
galei  from  B.,  &.E^  K&£.,  and  S.S.£.  prevailed  on  the  east  coast  of 
Iti^tland  daring  the  first  ten  days  of  December,  and  on  the  east  coast 
of  England,  but  less  strong  during  the  first  six  days.  On  the  14th 
it  blew  strongly  from  tlie  east,  risitig  in  some  places  to  •  a  gale ;  from 
the  17th  to  the  Slst  it  blew  on  tite  east  coast  of  Scotland  fi^sh  or 
stetwg  from  N.K.,  3C.,  N.N.E.,  or  N.  The  strong  vrinda  ami  gales  from  the 
•outhward  aad  Boutit-^ast  at  tiie  b^inning  of  the  month  would  tend 
to  drivn  the  water  northwards  along  the  coast^  and  this  appears  to 
account  for  the  northward  movement  of  the  drifters  pick^  up  tn 
Shetland  in  December.  From  the  24th  to  the  31st  December  the 
prevailing  winds  were  from  the  S.W.  and  towards  west,  rising  ateome 
plaoes  to  a  gale  on  the  36th  and  27th.  Ftom  the  Sod  to  the  4th 
January  the  winds  blew  strong  from  the  south  and  SJ3.W. ;  and  from 
the  6th  to  the  9th  there  were  strong  winds  and  gales  from  £.,  SJ£., 
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and  E.S.E.  on  the  Scotch  coast ;  on  the  English  coast  they  were  mainly 
easterly  from  the  8th  to  the  11th.  From  the  12th  to  the  25th,  a 
northerly  element  conies  in,  the  wind  blowing  usually  from  the  N., 
N.E.,  and  N.N.E.,  and  rising  to  gales.  The  effective  wind  at  all  the 
stations  in  January  was  from  the  east  and  north,  the  mean  direction 
being  E.N.E.  E. 

The  prevailing  winds  therefore  seem  to  account  for  the  reversal  of 
the  current  in  December  and  January,  the  south  and  south-east  winds 
driving  the  water  directly  north wanls  parallel  to  the  coast,  and  the 
east  and  north-east  winds  keeping  it  up  on  the  east  coast  of  England, 
whence,  as  it  cannot  escape  to  the  south,  it  passes  northwards.  None  of 
the  drifters  were  found  south  of  Norfolk,  although  the  strong  winds  from 
E.N.E.  in  January  would  tend  to  drive  part  of  the  surface  water  towards 
the  Channel. 

The  direct  influence  of  continuous  winds,  blowing  strongly  in  a  uniform 
direction  for  a  period,  in  driving  the  surface  water  before  it,  is  shown  in 
a  number  of  other  cases,  as,  for  example,  in  November  1894.  During 
almost  the  whole  of  that  month  the  wind  blew  between  west  and  south, 
and  principally  from  S.W.  on  the  east  coast  of  Scotland  (see  Table  I.  p. 
358  and  figs.  1,  2,  3  on  PI.  XL),  and  drifters  put  in  at  the  beginning  of 
the  month  8  and  10  miles  off  the  coast  of  Aberdeen,  were  found  in 
December  on  the  west  coast  of  Norway,  near  Bergen,  and  to  the  north 
of  it;  the  first  found  had  travelled  270  miles  in  29  days.  Tliese 
drifters,  and  the  surface  water,  were,  no  doubt,  blown  in  a  north-westerly 
direction  from  the  Scottish  coast,  until  they  entered  the  strong  northerly 
drift  racing  up  off  the  west  coast  of  Norway. 

There  are  two  points  upon  which  something  must  be  said  : — (1)  The 
rate  of  the  current;  (2)  the  depth  to  which  the  movement  described 
extends. 

5.  TnB  RA.TE  AND  Depth  op  the  Current. 

With  respect  to  the  rate  of  movement,  the  same  observations  that 
apply  to  the  direction  deduced  from  a  few  experiments  apply  also  here. 
It  would  be  wrong  to  infer  the  rate  from  isolated  cases,  where  the 
drifters  may  have  lain  on  the  beach  for  some  time  before  being  discovered. 
But  this  source  of  error  is  greatly  diminished  by  repeated  instances,  and 
by — what  was  a  very  common  occurrence — a  large  proportion  of  one  lot 
being  found  on  the  same  day,  or  on  dates  close  together.  In  some  cases, 
too,  the  drifters  were  picked  up  by  fishing-boats  while  they  were  afloat 

Beginning  at  the  north,  with  the  drifters  put  away  by  H.M.S. 
'  Research '  to  the  north  and  west  of  the  Shetlands,  we  find  that  those 
set  adrift  on  5th  August  in  lat.'  60'  38J'  N.  long.  5'  35^'  W.  moved 
in  an  easterly  direction  to  the  Shetlands,  distances  ranging  from  116  to 
147  miles  in  22  to  26  days,  or  at  a  rate  of  about  5  miles  a  day.  The 
prevailing  winds  daring  the  period  of  flotation  were  from  the  north-west 
and  north  at -North  Unst,  Fair  Isle,  and  Wick.  Those  set  adrift  on 
30th  July  to  the  north  of  the  Shetlands  (lat.  61"  49J'  N.  long.  0"  43'  W.) 
were  found  about  90  miles  to  the  south  in  44  and  46  days,  but  during 
the  latter  part  of  the  period,  the  winds  were  blowing  strongly  from  an 
easterly  direction,  sometimes  veering  towards  north  and  sometimes  towards 
south.  Those  set  adrift  on  6th  August  (lat.  60"  2'  N.  long.  7"  4'  W.) 
and  found  in  Norway  travelled  about  500  miles  in  116  days,  or  at  a 
rate  of  between  4  and  5  miles  a  day.  Some  put  in  at  Suleskerry,  to  the 
west  of  the  Orkneys,  travelled  eastwards  to  the  Orkneys  at  a  rate  rather 
over  5  miles  a  day. 

In  the  Moray  Firth  the  drifters  put  away  at  Smith  Bank  were  carried 
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southwards  at  rates  varying  from  about  13  to  5  or  6  miles  a  day.  At 
the  beginning  of  March  1895,  they  travelled  40  uiiles  in  3  days,  the 
wind  blowing  the  whole  time  strongly  from  the  north ;  and,  it  may  bo 
noticed,  the  water  impinged  on  the  coast  at  this  time  much  more  to  the 
eastwards  than  usual.  In  October  1894,  the  rate  was  about  5  or  6  miles 
an  hour,  and  at  the  time  the  wind  blew  partly  from  S.W.,  but  chiefly 
from  N.E.  In  October  1896,  the  rate  was  much  the  same,  the  wind 
blowing  chiefly  from  the  N.E.,  N.N.E.,  and  K  On  the  east  coast  of 
Scotland  and  England  the  rate  was  not,  as  a  rule,  so  rapid.  Thus,  ofl* 
the  Scotch  coast,  the  southward  movement  in  September  1894  was 
between  4  and  5  miles  per  day,  the  wind  blowing  from  the  north- 
east; in  April  and  May  1895,  with  mostly  light  breezes  from  the  south, 
west  and  east,  with  a  few  days  of  strong  wind  from  N.N.E.,  the  rate 
was  considerably  under  a  mile  a  day.  At  the  end  of  July  and  beginning 
of  August  1895,  with  the  winds  chiefly  variable,  and  light  from  the  south- 
west and  west,  the  rate  off  the  coast  of  Aberdeen  was  about  2  miles  a 
day.  In  the  latter  half  of  May  1896  and  early  part  of  June,  with  the 
winds  variable  and  light,  but  chiefly  from  £.  and  E.N.E.,  the  rate  was 
between  2  and  3  miles  a  day.  In  July  two  were  picked  up  at  sea 
off  the  coast  of  Aberdeen ;  they  had  travelled  in  a  southerly  direction 
at  the  rate  of  about  3  miles  a  day,  the  wind  being  light  and  variable, 
chiefly  from  the  east  and  north.  Others  of  the  same  group  were  picked 
up  on  the  Northumberland  coast,  about  50  days  afterwards,  having 
travelled  142  miles,  a  rate  rather  under  3  miles  a  day,  the  winds  blowing 
frpra  various  points.  In  October,  with  northerly  and  KE.  breezes,  the 
rate  was  increased  to  between  5  and  7  miles  an  hour. 

Those  found  on  the  English  coast  moved  'at  about  the  same  speed,  and 
as  the  distance  traversed  was  greater,  and  the  period  of  flotation  longer 
(and  the  direction  of  the  wind  therefore  more  variable),  the  results  are 
perhaps  of  more  value.  In  Se])tember-October  1894,  the  southward 
rate  was  exactly  3  miles  a  day.  In  December- January,  from  the  Firth 
of  Forth  to  Yorkshire,  the  rate  was  from  under  2  miles  to  over  4  miles 
a  day  in  different  cases;  the  prevailing  wind  in  December  1894  was 
W.  by  N.  at  Bell  Rock  (33)  and  N.  f  E.  (12)  at  Shields;  in  January 
1895  it  was  N.  by  E.  (9)  at  Shields.  The  most  rapid  was  208  miles  in 
48  days  (from  Fifeness  to  Lincolnshire),  or  about  4  3  miles  per  day.  In 
March-April-May  the  rate  in  different  cases,  varied  from  a  little  over 
a  mile  a  day  to  over  5  miles,  the  quicker  movement  being  due  to  north- 
easterly winds.  In  May-June-July  1896,  the  speed  ranged  from 
between  2  and  3  to  about  4  miles  per  day,  the  winds  blowing  chiefly 
from  N.W.  A  drifter  put  in  to  the  water  on  11th  June,  12  miles 
E.S.E.  of  the  Isle  of  May,  was  picked  up  by  a  fishing-smack  32  miles 
E.S.E.  of  Flamborongh  Head,  on  26th  August,  having  travelled  156 
miles  in  76  days,  or  at  a  mean  rate  of  slightly  over  2  miles  a  day. 
In  June-July,  the  speed  was  about  3  miles  per  day;  during  the  period 
the  wind  blew  chiefly  in  June  from  W.,  S.W.,  and  W.S.W.,  and  in 
July  from  N.N.W.  A  bottle  set  adrift  in  the  Moray  Firth  on  22nd 
July  was  picked  up  on  3rd  December  about  65  miles  N.E.  from  S[»urn 
Head,  Yorkshire,  having  travelled  about  248  miles  southward  in  134 
days,  or  rather  under  2  miles  per  day.  In  August-SeptemVior,  the 
rate  was  from  about  2  to  a  little  over  3  miles  per  day.  In  October, 
the  mean  speed  was,  in  some  cases,  as  high  as  over  6  miles  per  day 
(93  to  133  miles),  and,  in  other  cases,  over  4  miles,  the  effective  wind 
being  N.  by  W.  and  strong. 

As  a  general  rule,  it  may  be  said  that  the  surface  movement  southwards 
along  the  east  coast,  ranges  about  2  or  3  miles  a  day;  that  its  speed 
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may  be  greatly  increased  by  northerly  winds,  and,  no  donbt,  diminished 
by  winds  from  the  opposite  quarter.  It  also  appears  that  the  speed  is,  as 
a  rule,  greatest  at  some  distance  from  the  coast  of  Scotland  and  the  north 
of  England ;  that  it  diminishes  quite  near  the  coast,  and  likewise  at  a 
considerable  distance,  say  50  or  CO  miles,  from  it  The  rate  at  which 
the  reversed  movement  took  place  in  December  1896  and  January  1897 
was  much  the  same  as  the  southerly  movement  under  northerly  winds. 
The  meteorological  conditions  as  we  have  seen  were  strong  aouthwly  and 
south-easterly  winds  in  December,  and  north-easterly  winds  in  January. 
One  bottle  travelled  very  rapidly  from  ofT  Kincardineshire  to  Orkney,  a 
distance  of  135  miles  in  16  days,  or  over  8  miles  a  day.  Further  south 
the  rata  wag  about  4  to  6  miles,  off  the  Yorkshire  coast  (in  January  with 
east  and  north-east  winds)  it  was  about  5  miles  a  day,  aud  between  the 
Dutch  coast  and  Norfolk  the  same. 

The  rate  at  which  the  movement  of  the  surface  water  takes  place  across 
the  southern  part  of  the  North  Sea  ia  not  so  easy  to  define  owing  to  the 
uncertainty  of  the  curve  taken  by  the  drifter.  But  from  an  examination 
of  the  cases  where  some  members  of  the  same  group  or  of  allied  groups 
were  stranded  on  the  English  coast  and  others  on  the  Continent,  it  would 
appear  that  the  rate,  as  a  rule,  is  a  little  oyer  2  miles  per  day.  The 
northerly  movement  on  the  eastern  side  of  the  North  Sea  appears  to  be 
somewhat  faster,  especially  on  the  west  coast  of  Norway.  The  particulars 
given  in  the  tables  shows  this  to  be  the  case. 

With  respect  to  the  depth  to  which  the  movement  extends,  the  experi- 
ments do  not  give  much  information,  but  such  as  it  is  it  supports  the 
view  that  the  bottom  la  vers,  at  least  in  the  southern  part  of  the  North 
Sea,  move  in  the  same  direction.  One  of  the  bottom  drifters  put  away 
on  the  Dogger  Bank  in  October  was  found  50  days  later  35  miles  to  the 
southward,  having  been  brought  up  in  a  trawl-net.  The  temperature 
observations  made  by  Dr  Murray  on  some  of  the  west  coast  lochs  and  by 
Dr  H.  R.  Mill  in  the  Firth  of  Clyde,  show  that  a  strong  wind  blowing 
for  a  day  or  two  may  affect  the  water  down  to  very  considerable  depths  \ 
and  it  can  scarcely  be  doubted  that  a  fairly  constant  circulation 
of  the  surface  water  in  the  North  Sea,  as  dest;ribed  in  this  paper,  is 
associated  with  movement  in  the  same  direction  of  the  intermediate  or 
bottom  layers,  at  all  events  where  the  depth  is  not  great.  For  the  special 
purpose  I  had  in  view  in  beginning  these  experiments,  namely,  the 
transport  of  floating  fish  ^gg^  it  is  sufficient  if  the  surface  layers — aowu 
say  to  6  or  7  fathoms — move  in  the  direction  indicated-  At  the  same 
time  it  appears  to  me  that  experiments  made  with  floats  of  a  special  and 
superior  kind,  designed  to  remain  suspended  at  different  depths,  would 
throw  a  great  deal  of  light  on  the  movement  of  the  deeper  atrata.  The 
method  of  tracing  such  movements  by  differences  of  physical  property  in 
the  water  (salinity  and  tem})erature)  is  comparatively  simple  where  t^ese 
differences  are  strongly  marked,  as  in  the  areas  so  systematically  investi- 
gated by  Professor  Pettersson.  But  in  the  greater  part  of  the  North  Sea 
the  differences  are  comparatively  slight,  and  it  will  be  a  matter  of 
difficulty  to  satisfactorily  elucidate  the  movement  of  the  deeper  layers  by 
the  method  named.  It  will,  at  all  events,  involve  a  very  great  number 
of  simultaneous  observations  over  a  wide  area,  and  their  frequent  repeti- 
tion for  a  numbor  of  years.  On  the  other  hand,  very  large  floats,  arranged 
so  as  to  sink  veiy  slowly,  and  connected  by  silk  cord  with  a  smuU  surface 
float  just  large  enough  to  buoy  the  large  float  at  a  given  depth,  would,  \ 
think,  furnish  valuable  information  at  comparatively  small  expense. 
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The  hydrographioal  results  of  the  experiments  may  be  summed  up  as 
follows : — 

1.  That  there  is  at  all  seasons  a  fairly  constant  slow  circulation  of  the 
surface  water  in  the  North  Sea,  Atlantic  water  entering  round  the 
north  of  Scotland  and  between  the  Orkneys  and  Shetlands,  and 
passing  southwards  along  the  east  coasts  of  Scotland  and  England, 
as  far  as  the  neighbourhood  of  the  Wash,  then  in  an  £.N.E. 
direction  towards  the  coast  of  Denmark,  and  then  northerly  along 
the  Danish  coast.  The  surface  water  may  or  may  not  enter  the 
Skagerrak  and  penetrate  to  the  west  coast  of  Sweden  and  Norway, 
according  to  the  prevailing  wind.  The  main  body  passes  up  the 
west  coast  of  Norway  and  joins  the  Atlantic  stream.  The  limit 
between  the  north-going  eastern  stream  and  the  south-going 
western  stream  varies  greatly,  probably  according  to  the  prevail- 
ing winds  \  as  a  rule,  the  extent  of  the  former  is  greater. 

2.  The  movement  of  the  surface  water  in  confined  areas,  like  the 
western  part  of  the  Moray  Firth  and  the  Firth  qf  Forth,  is  irregu- 
lar, and  depends  upon  variations  in  the  winds  and  the  tides. 

3.  That,  while  the  general  circulation  of  the  surface  water  in  the  North 
Sea  is  as  above  described,  the  current  may  be  deflected  by  the 
wind,  or  even,  under  exceptional  meteorological  conditions,  re^ 
versed. 

4.  That  the  speed  of  the  movement  is  usually  about  two  or  three 
geographical  miles  a  day,  but  may  be  much  accelerated  or  retarded 
by  the  action  of  the  wind. 

5.  That  the  principal  cause  of  the  circulation  is  probably  the  influenee 
of  the  prevailing  winds,  driving  the  water  towards  the  eastern 
side  and  tending  to  heap  it  up  there. 

IIL — Eblation    or   thx    Movbmhnt    of   thb   Surfaom   Watbrs   to 

FiSHBRIXS. 

The  most  important  object  of  the  experiments  from  the  practical  point 
of  view  was,  as  has  been  already  said,  to  ascertain  the  carriage  by  cur- 
rents of  the  floating  eggs  and  larvas  of  the  marine  food  fishes.  With 
the  exception  of  the  herring,  of  skates  and  rays,  and  the  catflsh,  the 
eggs  of  the  food-fishes  are  buoyant,  and  float  as  tiny,  isolated  crystalline 
spheres.  The  eggs  may  therefore  be  wafted  considerable  distances 
during  the  time  the  embryonic  fish  is  developing  within  them ;  and  the 
distance  will  depend  upon  the  rate  and  constancy  of  the  current  and  the 
duration  of  the  period  of  development.  Further,  when  the  eggs  hatch, 
the  tiny  young  fishes  which  escape  from  them  are  ill-developed  and  but 
poorly  endowed  with  the  power  or  independent  movement.  They  wriggle 
about  by  fits  and  starts,  and  remain  quiescent  in  the  intervals.  On 
emerging  from  the  egg  each  little  fish  carries  attached  to  its  under  sur- 
face the  remains  of  the  yolk,  from  which  it  derives  its  nourishment  for 
a  period  varying  from  a  few  days  to  upwards  of  a  week,  and  during  this 
larval  stage,  at  least,  it  may  be  said  that  it  is  as  much  subject  to  be 
carried  by  the  general  movement  of  the  water  around  it  as  it  was  when 
still  within  the  egg.  When  the  yolk  is  used  up,  or  a  little  before  it,  it 
begins  to  feed  on  the  minute  organisms  in  the  water,  and  has  then  the 
power  of  darting  for  an  inoh  or  two  hither  and  thither ;  but  it  is  still 
praotioally  inert  so  far  as  its  carriage  by  the  current  is  oonoemed.  It  is 
not,  indeed,  until  some  weeks  later,  when  it  begins  to  assume  the  fbrm 
of  the  adult,  that  it  may  be  regarded  as  anything  like  independent  of 
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the  movement  of  the  water ;  in  the  case  of  flat-fishes,  the  young  then 
settle  on  the  bottom,  and  have  completed  their  pelagic  life. 

The  period  during  which  the  young  fish  is  subject  to  the  movement 
of  the  current  must  vary  considerably  in  different  species,  but,  except  in 
a  few  cases,  we  do  not  yet  possess  exact  information  as  to  the  duration 
of  the  post-larval  stage.  It  has,  however,  to  be  noted  in  this  connec- 
tion that,  while  the  pelagic  eggs  are  almost  always  confined  to  the 
surface  waters,  the  larval  and  post-larval  fishes  become  more  abundant 
in  the  intermediate  layers  and  towards  the  bottom.  As  a  rule,  the 
surface  tow-net  takes  eggs  and  the  bottom  tow-net  takes  larval  and  post- 
larval  fishes.  Owing,  therefore,  to  the  sinking  of  the  young  fishes  from 
the  surface  layers,  they  will  not  be  so  liable  to  be  carried  by  the  current, 
unless  the  latter  also  equally  involves  the  bottom  layers. 

Both  the  pelagic  eggs  and  the  larvse  that  issue  from  them  are  very 
small,  as  may  be  seen  from  the  following  table  comprising  some  of  the 
chief  forms,  and  which  gives  measurements  in  fractious  of  an  inch : — 

Cod.  f^  ^^^  Saithe.  Ling.  Turbot  BrlU.  Sole.  Plaice.  ^^°  Flounder.  Dab. 

^^^)    *       *         »  *         A         *        ♦         *  ♦  *  A 

It  will  be  evident  that  these  tiny  fishes,  the  longest  of  which  on  emerg- 
ing from  the  egg  is  only  about  Jth  of  an  inch  in  length,  could  in  any 
case  have  but  a  feeble  power  of  contending  with  the  current. 

It  is  of  great  importance,  in  dealing  with  the  question  of  the  transport 
of  pelagic  eggs  and  larvae,  to  consider  the  position  of  the  places  where 
the  various  species  spawn — the  location  of  their  breeding-grounds — and 
also  the  time  during  which  the  spawning  occurs,  or  the  spawning  season. 
The  importance  of  the  latter  point  chiefly  relates  to  the  duration  of  the 
period  of  development  within  the  egg,  for  in  summer,  when  the  tempera- 
ture of  the  water  is  higher,  the  pelagic  eggs  hatch  nmch  more  rapidly 
than  in  the  winter  or  spring.  The  investigations  made  by  the  *  Garland ' 
have  thrown  a  great  deal  of  light  on  both  these  questions.  It  has  been 
shown  that  the  important  food-fishes,  such  as  cod,  plaice,  haddock,  ling, 
saithe,  turbot,  halibut,  sole,  lemon  sole,  do  not  spawn  within  the  terri- 
torial waters  on  the  East  Coast ;  and  this  has  been  subsequently  confirmed 
in  other  places  where  the  physical  conditions  are  similar,  and  especially 
when  the  depth  of  the  water  is  not  great.*  There  is  little  doubt  that 
around  the  whole  of  the  North  Sea,  with  the  exception  of  the  deep 
waters  off  the  Norwegian  coast,  the  fishes  named  do  not  spawn  within 
the  three-mile  limit,  but  further  out  from  shore.  On  the  West  Coast^ 
on  the  other  hand,  where  the  physical  conditions  are  different  and  deep 
water  extends  close  to  the  shore,  spawning  fishes  may  be  found  within 
the  territorial  zone.  Fishes  that  do  spawn  within  the  three-mile  limit 
on  the  East  Coast,  as  well  as  further  off,  are  the  dabs,  the  flounder,  the 
sprat,  and  the  gurnard  ;  and  while  the  great  majority  of  whiting  spawn 
beyond  the  limit,  a  few  spawn  on  the  borders  or  within  the  limits.  The 
dabs  also  spawn  chiefly  offshore,  and  the  only  species  which  appear  to 
shed  their  eggs  rather  more  within  than  without  the  limit  are  the  flounder 
and  the  sprat. 

The  fact  just  stated,  that  the  valuable  food-fishes  do  not  spawn  within 
the  territorial  waters  in  the  North  Sea,  is  one  of  great  importance.    The 

•  See  my  papers,  *The  Spawning  and  Spawning  Places  of  Marine  Food  Fishes,' 
Eighth  Ann,  Report^  Part  III.  p.  257  (1890) ;  *  Observations  on  the  Beproduction, 
Maturity,  and  Sexual  Rolationp  of  the  Food  Fishes,'  Tenth  Ann.  Report^  Part  IIL 
p.  286  (1892). 


Digitized  ty 


Google 


of  ths  Fishery  Board  for  Scotland.  369 

inshore  waters  abound  with  young  fish.  Small  flat-fishes,  such  as  plaice, 
dabs,  and  turbot,  exist  in  great  numbers  on  sandy  beaches  and  shallows, 
and  young  round-fishes,  as  cod,  saithe,  and  ling,  frequent  the  more 
rocky  regions.  It  is  therefore  evident  that  these  young  post-larval 
forms,  which  were  spawned  offshore,  must  be  carried  to  the  inshore 
grounds  principally  by  the  movement  of  the  water ;  and  by  the  use  of 
tow-nets  their  progress  shorewards  may  be  traced.  For  example,  eggs 
of  plaice,  ling,  haddock,  and  cod,  advanced  in  development,  as  well  as 
the  larvfd  fishes  with  the  yolk-sac  still  attached,  and  the  older  post-larval 
forms,  may  be  found  close  inshore,  as  in  the  Firth  of  Forth  and  St 
Andrews  Bay.     They  are  in  process  of  being  swept  in  by  the  currents ; 


^ 

A 

cr< 

i<#^""' 

.       4^ 

.  .^^--t          ■-.  ^.^ 

Fig.  4. — Diagram  representing  the  carriage  of  pelagic  eggs  from  oflfshore  spawning 
grounds,  A,  to  inshore  waters,  C,  by  the  sorface  current  B. 

and  it  is  largely  in  this  way  that  the  inshore  grounds  are  recruited  from 
the  spawning  areas  further  out  (Fig.  4).  Young  fishes  are  not,  however, 
limited  to  the  grounds  near  the  shore.  Some  kinds,  such  as  the  long 
rough  dab  and  the  haddock,  are  more  common  at  a  distance  from  shore 
in  deeper  water ;  but  our  knowledge  respecting  the  distant  grounds  is  at 
present  very  imperfect,  owing  to  the  fact  that  no  vessel  is  available 
capable  of  making  the  investigation.  For  the  same  reason  we  do  not 
know  the  limits  or  extent  of  the  great  spawning  areas.  All  that  can  be 
said  is  that  such  species  as  cod,  haddock,  ling,  plaice,  and  turbot  spawn 
from  ^VQ  or  six  miles  up  to  great  distances  from  shore,  and  also  on  the 
offshore  banks  and  their  neighbourhood,  such  as  the  Dogger  Bank,  the 
Great  Fisher  Bank,  Smith  Bank,  etc.  During  the  greater,  part  of  the 
year  the  adults  are  more  or  less  scattered  about  the  North  Sea  and 
within  territorial  waters,  searching  for  food,  but  towards  the  iapproach 
of  the  spawning  season  they  congregate  in  shoals  in  particular  localities. 
The  nature  of  the  bottom  does  not  appear  to  have  any  influence  in 
the  determination  of  the  spawning  area  of  fishes  producing  pelagic  eggs ; 
it  may  be  muddy,  or  sandy,  or  rocky.  There  is  thus  a  great  difference 
from  the  case  of  fishes  producing  demersal  eggs,  such  as  the  herring, 
where  the  eggs  are  attached,  as  a  rule,  to  objects  in  the  bottom,  and 
where  the  presence  of  mud  might  prove  extremely  injurious.  At  the 
same  time  it  cannot  be  held  that  the  selection  of  spawn!  ag  places  by 
fishes  producing  pelagic  eggs  is  fortuitous,  for  adults  with  ripening 
reproductive  organs  move  out  from  the  inshore  waters  at  the  approach 
of  the  spawning  season,  and  may  return  to  them  after  their  spawn  is 
shed.   Ajs  pointed  out  by  the  author  some  years  ago,^  the  selection  of  areaa 

*  Eighth  Annual  Report  for  1889,  Part  iii.,  *'The  Spawning  and  Spawning  Place 
of  Manne  Food-Fishes,"  p.  258. 
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oSafaove  for  spawning  appears  to  be  determined  chiefly  by  the  phjrsioal 
conditions  in  relation  to  the  safety  of  the  floating  eggs  and  their  transport 
to  the  plaGe9  most  suitable  for  &e  welfare  of  the  yonng  flshes  derived 
from  them.  \fy  for  example,  plaice  were  to  spawn  dose  to  the  shore  on 
the  east  ooast,  a  very  large  proportion  of  the  eggs  would  inevitably 
sufler  destruotion  by  being  stranded  on  the  beaches  before  the  embryonic 
fishes  inside  them  were  far  developed,  or  by  being  carried  into  water  of 
insufficient  density,  as  at  the  mouths  of  estuaries,  when  they  would  sinH 
to  the  bottom ;  and  yet  the  habitat  of  the  young  of  no  fish  is  more 
charaoteristiGally  restricted  to  the  shallow  inshore  waters  than  in  the 
case  of  the  plaice.  The  plaice  spawns  early  in  the  year  when  the  water 
is  coJdy  and  it  possesses  a  relatively  large  egg,  both  conditions  being 
associated  with  a  prolonged  period  of  development  and  therefore  a  pro- 
longed flotation.  On  the  other  hand,  the  dab  or  the  sprat,  which  spawn 
later,  when  the  water  is  warmer,  and  which  possess  a  relatively  small 
egg,  shed  their  eggs  to  a  considerable  extent  within  the  territorial 
waters,  the  period  of  development  being  comparatively  brief.  Since  the 
two  factors  mentioned  are  so  important  in  connection  with  the  carriage 
pf  floating  eggs  by  currents,  namely,  the  size  of  the  egg  and  the  tem- 
perature of  the  water  during  the  period  of  flotation,  it  is  necessary  to 
ponsider  them  in  some  detail. 

The  spawning  period  or  season  for  all  the  more  important  species  of 
the  food-fishes  is  now  well  determined.  In  the  following  table  I  give 
the  limits  of  the  spawning  season,  the  diameter  of  the  egg,  the  mean 
number  of  eggs  produced  by  one  female,  and  the  duration  of  the  period 
of  development  within  the  egg  of  a  number  of  species,  as  stated  by 
different  observers  :-7-r 


Pl-c^e.. 

Spawning  Season. 

Mean 
Dia- 
meter 
of  Egg 
in  MM. 
meti'os. 

Mean 

Number 
produced 
by  one 
Femala 

Duration  of  Iperlod 

of  Derelopment  within 

the  Egg. 

Common  Dab     . 
Flounder    . 

a?D3f^^ 

TarbQl       .       . 
BrtU  .       .       . 
Cod     .       .       . 

Wbltjng     *.       ! 
SaJthe"^     .       . 
Ling  . 
Onniard     . 
Spml.       .       . 

fiddle  of  Jan.-middle  of  May.    . 
End  of  Feb.-mlddle  of  July  . 
Beginning  of  Feb. -end  of  June    . 
End  of  Jan. -middle  of  May  . 
End  of  April-end  of  Aug.     . 
Beginning  of  AprU-end  of  July  . 
Middle  of  March-end  of  June      . 
End  of  Jan. -beginning  of  June    . 
Middle  of  Jan.-end  of  May  . 
Beginning  of  March-end  of  Aug. 
January-end  of  April    . 
End  of  Mar.-end  of  Aug.     . 
Middle  of  April-end  of  Aug. 
Middle  of  Mar.-mlddle  of  Aug.    . 

1-98 

0-85 

0-92 

11 

1-8 

102 

1-8 

1-38 

1-45 

1-2 

11« 

108 

146 

10 

800,000 

106,000 

1,411,000 

44,000 

411,000 
8,600,000 

825,000 
4,580,000 

450,000 

250,000 
6,600,000 
18,500,000 

256,000 

20  days  at  41*  F. 

8  days  at  45'-€0'  F. 
8}  days  at  54*  a 

14  days  in  Maix:h. 
6  days  at  58*  F. 
«-7  days  in  June. 
8-9  days  in  May 

15  days  at  43*  P. 
15  days  at  43*  F. 
10  days  at  46*  F. 
12  days  in  Feb. 

9  days 
6-7  days 

The  observations  made  by  several  investigators,  and  specially  by  Mr 
J>^mie¥ig  at  Dunbar,  have  shown  that,  at  the  same  temperature,  pelagic 
eggs  with  small  yolks  hatch  more  rapidly  than  those  whose  yolka  are 
ijgrge,  and  that  the  development  or  hatching  of  the  eggs  of  a  given 
species  is  aecelerated  by  an  increase  of  temperature  and  retarded  by  a 
decrease  of  temperature.  It  is  obvious  from  the  variations  in  the  period 
of  development  of  the  eggs  of  different  species,  as  shown  in  the  above 
table,  that  they  will  be  in  very  diflerent  degrees  subject  to  the  trans- 
porting power  of  sea  currents;  and  that^  other  things  being  equal, 
they  wiU  be  carried  very  diflerent  distances  before  hatching  occurs. 
Exact  observations  are  wanting  as  to  the  duration  of  the  period  of 
^v^lopwent  of  the  eggs  q{  many  species  under  diflerent  temperatures, 
but  sufficient  is  known  to  enable  some  conclusions  of  importanoe  ta  W 
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drawn.  From  the  daily  observations  made  at  the  Bell  Rook  Light- 
house and  the  North  Carr  Lightship  in  1891,  1892,  and  1893,  on  the 
temperature  of  the  sea,  I  have  compiled  the  following  table  of  the  mean 
temperature  of  the  surface  water  on  the  east  coast  of  Scotland  in  the 
various  months  throughout  the  spawning  season.  The  temperature 
varies  to  some  extent  in  different  years,  but  there  are  good  reasons  for 
believing  that  such  variation  retards  or  accelerates  the  spawning  season, 
and  that  each  species  in  a  given  region  only  begms  to  spawn  when  the 
temperature  has  reached  a  certain  point,  normal  for  that  species  :— - 


Jan.    Feb. 

March. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

40-6    39-2 

39-4 

41-9 

46-5 

50-2 

53-6 

54-8 

53-8 

From  these  mean  temperatures  it  will  be  seen  that  the  surfitce  water 
is  coldest  in  February  and  March,  and  warmest  in  August  and  8ep* 
tember,  and  that  the  range  from  the  minimum  to  the  maximum  is  close 
upon  15**  F. 

The  maximum  and  minimum  temperatures  of  the  bottom  water  on 
the  east  coast,  off  the  Firth  of  Forth,  in  from  25  to  30  fathoms  of 
water,  is  not  contemporaneous  with  the  maximum  and  minimum  at  the 
surface.  The  bottom  water  is  colder  than  the  surface  water  irom 
February  or  March  to  October,  and  warmer  in  October,  November, 
December,  and  January ;  in  March  the  surface  and  bottom  temperatures 
are  usually  subequal.  In  January  the  difference  rarely  exceeds  1**  F., 
and  is  usually  much  less ;  in  February  it  is  still  smaller ;  in  April  the 
bottom  water  may  be  nearly  2''  F.  colder,  but  is  usually  leas ;  in  May 
the  difference  is  a  little  greater ;  in  June  the  surface  water  may  be  about 
5°  F.  warmer,  and  after  that  the  difference  diminishes  until,  in  Sep* 
tember,  they  are  subequaL  But,  while  this  variation  in  the  temperature 
between  bottom  and  surface  should  be  kept  in  view,  it  can  scarcely 
affect  the  conclusions  respecting  the  period  of  development  of  pelagio  • 
eggs,  for  they  usually  float  within  a  few  fathoms  of  the  surface  in  watec 
of  good  density,  t.e.,  in  the  open  sea,  and  in  the  season  during  which 
most  pelagio  eggs  are  shed,  namely  March  and  April,  the  difference  is 
comparatively  small. 

From  the  experimental  observations  made  by  Mr  Dannevig  at  Donbar 
in  1895,  and  which  were  instituted  principally  in  connection  with  the 
present  investigation,*  it  was  found  that  at  the  temperature  of  39*2** — 
which  is  the  mean  natural  temperature  for  the  surface  water  in  Feb- 
ruary— the  eggs  of  the  cod  and  of  the  haddock  took  20^  days  to  batch. 
At  a  temperature  of  41%  which  is  nearly  one  degree  colder  than  the 
m^an  surface  temperature  in  April,  the  eggs  of  the  cod  took  17|  days  to 
hatch,  those  of  the  haddock  17f  days,  and  the  eggs  of  the  whiting  16^ 
days.  At  a  temperature  of  42*8*',  which  corresponds  with  the  mean 
temperature  of  the  sea  about  the  beginning  of  May,  the  eggs  of  the  cod 
and  haddock  took  15|  days  to  hatch,  those  of  the  whiting  13^  days, 
those  of  the  plaice  18^  days,  and  those  of  the  flounder  6|  days.  At  a 
temperature  of  46 ^''l^.,  which  represents  the  mean  temperature  of  the 
surface  water,  about  the  end  of  May  and  beginning  of  June,  the  eggs  of 
the  haddock  hatched  in  13  days,  those  of  the  cod  in  12f  days  thc«e  of 
the  whiting  in  10^  days,  those  of  the  plaice  in  14^  days,  and  the  eggs 
of  the  flounder  in  5^  days.  At  50**,  which  corresponds  to  the  mean 
June  temperature  of  the  water,  haddock  and  cod  eggs  hatched  in  about 
lOj^  days,  whiting  eggs  in  8  days,  those  of  the  plaioe  in  12  days,  and 
those  of  the  flounder  in  4^  days.  At  a  temperature  oi  53*" '6,  which  is 
the  mean  temperature  for  July,  the  eggs  of  the  ood  and  haddock  took 
*  ThirU€t%ih  AnnucU  Report,  Part  iii.,  ?•  ^^7. 
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9§  days  to  hatch,  those  of  tho  whiting  6  J  days,  the  eggs  of  the  plaice 
10^  days,  and  the  eggs  of  the  flounder  3  J  days. 

From  a  comparison  of  these  facts  with  the  months  during  which  the 
spawning  of  the  various  species  goes  on,  the  generalisation  made  above 
becomes  clear,  namely  (1)  that  the  eggs  of  those  species  which  spawn 
early  in  the  year  will  be  subjected  to  the  action  of  the  current  for  a  con- 
siderably longer  time  than  those  which  spawn  later ;  (2)  that  the  eggs 
of  any  given  species  which  are  shed  at  the  commencement  of  the 
spawning  season  of  that  species  will  be  subjected  to  the  action  of  the 
current  for  a  longer  period  than  those  which  are  shed  towards  the  end 
of  the  spawning  period. 

Thus,  under  natural  conditions  in  the  sea,  the  eggs  of  the  plaice,  a 
fish  which  spawns  early,  will  take  about  twenty-three  or  twenty-four 
dajrs  to  hatch  in  February  and  March,  while  those  shed  at  the  end  of 
the  spawning  season,  in  May,  will  hatch  in  about  sixteen  days.      The 
eggs  of  the  cod  and  haddock  shed  at  the  beginning  of  the  spawning 
season,  and  up  to  nearly  the  end  of  March,  will  take  about  twenty  days, 
and  towards  the  end  of  the  spawning  time,  about  twelve  or  thirteen 
days  before  hatching  occurs.     The  hatching  period  of  the  eggs  of  the 
whiting  will  vary  from  about  sixteen  days  at  the   beginning  of  the 
spawning  season  to  about  six  at  its  close ;  that  of  the  saithe  will  vary 
from  fifteen  or  sixteen  days  to  eleven  or  twelve.     Among  species  which 
spawn  in  the  summer  the  period  is  much  shorter.      Turbot  eggs,  which 
are  shed  from  April  to  July  inclusive,  probably  take  from  about  eleven 
or  twelve  days  at  the  beginning  of  the  season  to  about  fi\%  days  towards 
its  close  ;  and  the  same  remarks  apply  to  the  eggs  of.  the  ling.    The  fact 
discovered  by  Holt,  and  confirmed  by  Canu  and  M*Intosh,  that  the  eggs 
of  the  turbot  sink  during  development  in  water  'of  oniinary  specific 
gravity,  will  probably  cause  the  period  of  hatching  to  be  rather  more 
•prolonged  in  this  case,  because  the  lower  layers  of  water  are  colder 
during  the   spawning  season   of  this   fish.      Dannevig  has,  however, 
shown  that  the  specific  gravity  of  the  turbot's  egg  during  development 
does  not  exceed  1028,  in  which  case  in  the  open  sea  it  will  not  sink  very 
far.      The  eggs  of  the  gurnard,  which  are  shed  from  April  to  August 
inclusive,  require  about  fourteen  or  fifteen  days  to  hatch  at  the  com- 
mencement of  the  spawning  season,  and   about  eight  or  nine  days 
towards  the  close  of  the  season.     The  eggs  of  the  sprat^  which  are  small, 
are  shed  from  the  middle  of  March  to  the  middle  of  August,  and  the 
period  of  hatching  will  range  from  about  eight  or  nine  days  to  about 
four  days  at  the  end  of  the  season.      The  eggs  of  the  common  dab,  the 
smallest  of  all  tho  pelagic  eggs  belonging  to  a  food  fish,  will  require 
about  seven  or  eight  dajrs  at  the  end  of  February,  when  spawning  com- 
mences, to  between  two  and  three  days  at  the  close  of  the  season  in 
July.      The  eggs  of  the  flounder,  which  are  also  small,  will  hatch  in 
about  eight  days  at  the  beginning  of  the  spawning  season  in  February, 
and  in  five  or  six  days  towards  its  close  in  June.      The  hatching  period 
of  the  eggs  of  the  halibut  is  unknown,  for  living  eggs  have  never  yet 
been  under  observation,  but  judging  from  the  size  of  the  eggs,  and 
assuming  (what  is  not  yet  satisfactorily  proved)  that  they  are  shed  in 
the  spring,  they  would  probably  require  four  or  five  weeks  to  hatch. 

From  the  facts  stated  it  is  evident  that  the  dispersion  of  the  indi- 
viduals of  different  species  in  the  egg  state  by  the  movement  of  currents 
must  vary  to  a  considerable  degree,  and  that  in  some  cases  the  extent  of 
the  movement  is  great.  The  eggs  of  the  plaice,  for  example,  in  the 
twenty-three  or  twenty-four  days  they  are  floating  during  development, 
ipay  travel  southwards  more  than  50  miles — sometimes  much  more — 


Digitized  by 


Google 


of  the  Fishery  Board  for  Scotlarid,  373 

from  the  spawning  area  where  they  were  shed  ;  and  the  eggs  of  cod  and 
haddock  may  travel  in  a  similar  direction  from  20  to  40  miles  before 
they  hatch.  On  the  other  hand,  the  floating  eggs  of  the  summer  spawn- 
ing fishes  will  be  carried  much  shorter  distances,  in  some  cases  only  a 
few  miles ;  for,  besides  the  higher  temperature  of  the  water  at  that  sea- 
son, the  eggs  of  such  species  are  frequently  small,  and  therefore  prone  to 
hatch  rapidly.  In  agreement  with  these  conditions  it  is  also  found  that 
the  summer  spawning  species,  and  notably  the  flounder  and  the  sprat, 
shed  their  eggs  much  closer  to  the  shore,  and  within  the  territorial 
waters,  than  those  which  spawn  earlier  in  the  year,  for  owing  to  the 
fact  that  hatching  occurs  rapidly,  they  are  not  exposed  to  the  same 
risks  of  being  stranded  and  destroyed.  The  gurnard  at  first  sight 
appears  to  be  in  one  respect  an  exception,  inasmuch  as  its  egg  is 
relatively  large,  and  it  spawns  in  the  Firth  of  Forth  as  well  as  outside 
in  the  oflshore  waters.  But  it  does  not  spawn  in  the  inshore  area  until 
comparatively  late,  when  the  temperature  of  the  surface  water  is  over 
50°  F.,  and  the  egg  would  then  hatch  in  about  a  week.  This  fish, 
indeed,  reverses  the  procedure  of  most  sea  fishes  by  migrating  in  summer 
to  the  inshore  waters  in  considerable  numbers  to  spawn,  leaving  them 
again  in  the  autumn.  Looking  over  the  *  Garland's '  trawling  records  for 
a  series  of  years  it  will  be  fotmd  that  gurnards  are  not  taken  in  the  trawl 
in  any  year,  even  at  the  stations  east  of  the  Isle  of  May,  until  April,  and 
then  in  small  numbers,  and  with  very  rare  exceptions  after  October ; 
they  are  most  numerous  from  the  end  of  May  to  the  end  of  August. 

It  has  been  already  explained  that  the  larval  fish,  after  it  has  issued  from 
the  egg,  is  almost  or  quite  as  inert  as  it  was  while  still  within  it,  so  far 
as  its  transport  by  currents  is  concerned.  But  the  available  information 
respecting  the  duration  of  this  period  and  the  earlier  part  of  the  post- 
larval  stage,  when  the  yolk  sac  has  been  absorbed,  is  imperfect  It  is 
probably  in  all  cases,  and  in  some  cases  certainly,  much  longer  than 
the  period  spent  within  the  egg.  Dannevig  (see  page  187)  has 
shown  that  the  larv»  of  plaice  from  eggs  which  hatched  in  thirteen 
days  at  the  beginning  of  May,  had  absorbed  the  yolk,  and  entered  the 
post-larval  stage  eight  days  after  hatching  ;  while  other  thirty-four  days, 
or  forty-two  days  from  the  date  of  hatching,  elapsed  before  their  trans- 
formation was  sufficiently  advanced  to  enable  them  to  remain  perman- 
ently on  the  bottom.  During  at  least  half  of  this  period  the  post-larval 
plaice  in  the  sea  would  be  subjected  to  a  considerable  extent  to  the 
movement  of  the  water  around  them,  and  combining  this  with  the 
movement  of  the  e^Q^  and  making  allowance  for  the  probably  diminished 
rate  of  the  current  in  the  bottom  layers  to  which  the  larvee  descend,  it 
is  a  moderate  estimate  to  assume  that  the  young  plaice  which  abound 
on  the  sandy  beaches,  say,  in  St  Andrews  Bay,  may  be  from  60  to 
100  miles  south  of  the  place  where  the  eggs  from  which  they  were 
derived  were  spawned.  The  duration  of  the  larval  stages  of  other  species 
has  been  somewhat  variously  stated  by  different  observers,  or  not  stated 
at  all.  It  appears  to  vary  from  three  or  four  days  to  ten  or  twelve 
days  according  to  the  species  and  the  temperature.  It  is  known  that 
an  increasing  temperature  accelerates,  and  a  decrease  of  temperature 
retards  the  absorption  of  the  yolk  and  the  growth  of  the  young  fish, 
just  as  it  hastens  or  delays  the  development  of  the  embryo  within  the 
eggs.  Hence  the  duration  of  the  larval  and  post-larval  stages  of  sum-  . 
mer-spawning  species — and  consequently  the  length  of  exposure  to  the 
influence  of  currents — is  comparatively  brief.  Very  little  definite  infor- 
mation exists  respecting  the  length  of  the  post-larval  stage  except  in  the 
plaice. 
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From  a  consideration  of  the  movement  of  the  surface  water  off  our 
eastern  coast  as  explained  in  the  first  part  of  this  paper,  and  the  facts 
reviewed  above,  it  may  be  concluded  that  the  great  spawning  areas 
lying  oflf  that  coast  stand  in  normal  relationship,  not  to  the  inshore 
waters  opposite  to  them,  but  to  those  situated  further  to  the  south. 
The  millions  and  billions  of  eggs  which  are  annually  shed  into  the 
waters  above  these  spawning  areas— each  with  its  potential  market- 
able fish  within  it — are  normally  carried  by  the  surface  waters  south- 
wards to  a  more  or  less  distant  area  where  they  hatch,  and  the  larval 
fishes  continue  to  be  borne  in  the  same  direction.  Thus  the  spawning 
grounds  in  the  northern  part  of  the  Moray  Firth,  at  Smith  Bank,  and 
neighbourhood,  and  which  are  known  to  be  frequented  by  great  shoals 
of  the  food  fishes,  must  be  looked  upon  as  the  main  source  of  supply  of 
larval  and  post-larval  fishes  to  the  areas  ofi*  the  north  coast  of  Aberdeen, 
the  coast  of  Banff,  and  by  the  normally  deflected  current  passing  west- 
wards, to  the  inner  reaches  of  the  Moray  Firth,  perhaps  also  partly  to 
the  east  coast  of  Aberdeen.  The  spawning  grounds  lying  oflf  the  latter 
coast  and  the  coast  of  Kincardineshire  can  only  exceptionally  supply  the 
territorial  waters  of  these  coasts ;  normally  the  floating  eggs  will  be 
borne  southwards,  and  may  reach  the  coast  of  Fife  or  even  Berwickshire. 
So  also  the  oflTshore  spawning  areas  situated  to  the  eastwards  of  the  Isle 
of  May  can  only  exceptionally  furnish  larval  and  post-larval  fishes  to  the 
Firth  of  Forth  and  St  Andrews  Bay.  They  must  be  regarded  as  stand- 
ing in  relationship  rather  to  the  coasts  of  Berwickshire  and  Northumber- 
land. Similar  generalisations  may  be  made  in  connection  with  the 
spawning  areas  off  the  east  coast  of  England. 

The  importance  of  these  conclusions  with  respect  to  proposals  for  pro- 
tecting spawning  fishes  is  obvious.  If,  for  example,  it  was  deemed  to  be 
desirable  (as  in  my  opinion  it  is  desirable,  as  a  corollary  to  the  experi- 
ments already  made,  and  described  in  last  year's  Report),  to  protect,  for 
part  of  the  spawning  season,  the  offshore  grounds  which  stand  in  relation 
to  the  Firth  of  Forth  and  St  Andrews  Bay,  then  it  would  be  neces- 
sary to  deal  with  the  areas  lying  to  the  north-east  Owing,  however,  to 
the  want  of  investigations  of  the  ofGshore  spawning  grounds,  it  is  not 
possible  at  present  to  define  their  exact  extent  or  position. 

If  the  movement  of  the  surface  water  and  of  the  pelagic  eggs  floating 
in  it  is  normally  in  the  direction  indicated,  to  the  south,  one  would 
expect  a  corresponding  migratory  movement  of  the  growing  or  adult 
fish  in  the  opposite  direction,  or  otherwise  there  would  tend  to  be,  so  to 
speak,  an  aggregation  of  fish  in  the  southeiii  parts  of  the  North  Sea. 
This  would  especially  tend  to  happen  with  forms  whose  eggs  and  larvae 
float  for  long  periods,  as  those  of  the  plaice,  cod,  and  haddock.  With 
the  summer-spawning  species,  the  distance  between  the  place  where  the 
eggs  are  shed  and  the  nurseries  of  the  young  fishes  derived  from  them 
is  comparatively  small,  and  the  reversed  migratory  movements  of  the 
growing  or  adult  fishes  would  accordingly  not  require  to  be  great.  Now, 
it  is  an  interesting  fact  that  the  experiments  on  the  migration  of  fishes 
show  that  a  definite  movement  of  plaice  occurs  northwards  along  the 
east  eoast  of  Scotland.  In  the  Eleventh  Annual  Report  (Part  iii.  p. 
185)  I  described  the  movement  of  marked  plaice  in  the  Firth  of  Forth 
and  St  Andrews  Bay,  and  showed  that  this  movement  was  in  a  westerly 
direction  along  the  southern  shore  of  the  Firth  of  Forth,  then  easterly 
along  the  northern  shore,  and  then  northerly  towards  St  Andrews  Bay 
and  towards  the  coast  of  Forfarshire,  as  shown  in  a  diagram,  here  repro- 
duced (Fig.  5).  Since  that  account  was  published  I  have  received  a  number 
of  marked  plaice  caught  in  the  Moray  Firth,  which  were  liberated  a  year 
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or  more  before  in  the  Firth  of  Forth,  and  which  must  have  trarelled  at 
least  150  miles  to  the  north.  One,  indeed,  was  retaken  off  Dutinet 
Head,  Caithness,  to  the  west  of  the  Orkney  tsles,  more  than  200  miles 
from  the  place  where  it  was  liberated.  It  must  Hot  be  supposed  thAt 
because  these  plaice  moved  so  far  north  horn  the  Firth  of  Forth  thttt 
the  spawning  areas  of  the  phiice,  which  stand  in  relation  to  thd  Firth  of 
Forth,  are  situated  there.  I  have  shown  by  many  experimentiU  bbserftt- 
tions  that  the  irritation  caused  by  the  presence  of  a  small  metallic  disc 


Fig.  6.— Showing  the  northward  movement  of  marked  plaice  in  the 
Firth  of  Forth  and  St  Andrews  Bay. 

on  the  skin  interferes  with  the  rate  of  growth  and  with  the  development 
of  the  reproductive  organs.  Had  the  reproductive  organs  of  the  plaice 
mentioned  developed  normally  they  would  have  become  ripe,  and  the  fish 
would  have  moved  outwards  to  the  offshore  waters  pfobably  before 
reaching  the  Moray  Firth.  But  as  development  did  not  ooctir^  and  the 
impulse  to  the  ofilshore  migration  was  therefore  absent,  they  oOfltitiued 
their  northward  movement  The  irritation  of  the  skin  referred  to  eannot 
be  a  factor  in  determining  the  movement,  because  all  the  marked  plaice 
were  got  to  the  north,  and  none  to  the  south ;  and  while  one  might 
argue  (but  erroneously)  that  the  imtation  caused  the  migratory  move- 
ment, it  is  impossible  that  it  should  cause  it  to  be  invariably  in  a  definite 
direction.  More  than  10  per  cent,  of  the  marked  plaice— over  1000— i- 
have  been  recovered. 
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The  experiments  with  cod  and  haddock  were  not  so  successful.  No 
marked  haddock  was  recovered,  but  about  5  per  cent  of  the  cod 
were  re-caught;  the  total  number  is  too  small  for  generalisation. 
One  liberated  in  the  Firth  of  Forth  was  got  off  Stonehaven,  52 
miles  to  the  north,  in  sixty-nine  days.  But  it  is  clear  that  if  the  plaice, 
a  comparatively  slow  moving  flat-fish,  travels  so  far  northwards,  there  is^ 
no  difficulty  in  assuming  that  the  more  rapid  round-fish  may  do  like- 
wise. The  experiments  with  the  dabs  show  that  they  may  move 
considerable  distances  (as  far  at  leist  as  39  miles),  and  that  their 
movemeut  is  irregular,  and  may  be  to  the  south  as  well  as  to  the  north. 
As  previously  explained,  this  fish  spawns  within  the  territorial  waters  as 
well  as  offshore,  and  has  a  small  egg,  which  hatches  rapidly. 

While  the  normal  movement  of  the  surface  water  off  the  East  Coast, 
and  therefore  the  normal  movement  of  the  eggs  and  larvse  floating  in  it, 
is  towards  the  south,  it  must  be  borne  in  mind  that  it  is  subjected  to 
temporary  deviations  from  the  prevalence  of  continuous  strong  winds  or 
gales  blowing  over  a  period.  Instances  of  this  will  be  found  in  the  first 
part  of  the  paper.  A  northerly* gale  drives  the  south-going  water  with 
greater  rapidity  in  the  same  direction  ;  a  gale  from  the  south-east  will 
retard  it  or  temporarily  reverse  it  according  to  its  force  and  duration. 
Strong  easterly  gales  tend  to  drive  the  surface  water  in  to  the  coast ; 
westerly  gales  drive  the  offshore  water  further  away  towards  the  east. 
There  is  therefore  what  may  be  termed  a  disturbing  factor  frequently  iu 
operation,  the  effect  of  which  may  be  to  disperse  the  floating  eggs  and 
larvae  more  or  less  temporarily  in  various  directions.  Sometimes  this 
factor  will  bring  towards  the  inshore  grounds  large  supplies  of  eggs  and 
larvae  from  spawning  areas,  ex  adversOy  possibly  even  from  the  southward 
(as  in  January  of  this  year).  At  other  times  it  will  carry  them  rapidly 
seawards,  when  large  numbers  of  certain  kinds  will  perish.  The  liability 
to  loss  iu  this  way  must  be  regarded  as  the  principal  reason  why  the 
fecundity  of  species  producing  floating  pelagic  eggs  is  so  much  greater 
than  the  fecundity  of  those  producing  demersal,  attached,  eggs;  the 
mean  number  of  eggs  shed  by  each  female  of  twenty-three  species  pro- 
ducing pelagic  eggs  is  2,388,000,  while  the  mean  number  shed  by  each 
female  of  twelve  species  producing  demersal  eggs  is  only  2i,700,  or  very 
nearly  a  hundred  times  less. 

But  notwithstanding  such  temporary  deviations,  due  to  gales,  the 
normal  movement  is  to  the  south. 

It  is  evident  that  the  circulation  of  the  surface  waters  of  the  North 
Sea,  as  shown  by  the  experiments  described  in  this  paper,  may  be  of 
importance  in  other  directions,  and  opens  up  other  aspects  of  fishery 
inquiry.  It  is  not  improbable  that  it  is  associated  with  the  succession 
in  time  of  the  summer  and  autumn  hemng  fishing  along  the  East  Coast, 
which  begins  in  Shetland  in  June,  and  ends  off  the  Norfolk  coast  in 
November.  It  explains  also  the  frequent  appearance  of  Atlantic  forms 
in  the  waters  off  the  East  Coast;  and  perhaps  also  the  occasional 
anomalous  distribution  of  certain  fishes,  as  the  anchovy,  which  appeared 
a  few  years  ago  on  the  west,  .north,  and  then  on  the  north-east  coast  of 
Scotland.  But  these  points  require  further  consideration  before  definite 
statements  can  be  made. 
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Table  IF. — Showing  Particulars  op  Driftbrs. 
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24i 

Berwick, 

. 

b 

4  Oct 

Flfeuess, 

11 

13 

21  Sept 

12 

1 1  miles  off  .*h;ui  dy  Ness, 
Forfarshire, 

0 

7 

SOScit 

Dunbar, 
Bclhaven,  Dunbar, 

41 
411 

8 
8 

, 

8 

30    \\ 

Belhaven  Sands,  Dunbar, 

41 

9 

. 

, 

... 

9 

9  Oct 

U  miles  E.  of  Dunbar, . 
Uoly  Island,  Nortlium- 

4il 

18 

^ 

• 

10 

15    „ 

72 

24 

bcrbind. 

, 

. 

11 

16    „ 

8  miles  £.  of  Tantallon 

40| 

25 

• 

• 

• 

12 

Castle, 

25 

. 

• 

18 

15  Nov. 

8  miles  W.  of  Dunbar, . 

41* 

55 

4  Oct. 

10 

5  mi  Us  N.£.  by  E.  of 
Nairn, 

14 

7  Oct 

Cromai  ty,     . 

8 

8 

• 

. 

\b 

14  Mar.  '.  5 

Old  Bar,  Nairn,    .    '   . 

U 

161 

5  Oct. 

10 

U  miles  N.W.  |  W.  of 
Barghhead, 

16 

29  Oct  '94 

Lothbcg,  imUcsN.'of 
Brora,    . 

22 

24 

10 

* 

5  miles  N.E.   )  N.  of 
Lossiemouth, 

17 

1« 
19 
20 
21 
22 

15     M         i 

iJi ;; 

18    ., 
2«    \\      . 

Coresea    .  Lighthouse, 
near  Lossiemouth, 

»♦                 If 

H 

«i 
11 

.10 

.10 
11 
18 
18 

.21 

28 

27    „ 

«   miles  E.  of  Los^le- 
mouth,  . 

6* 

22 

. 

21 

27    „ 

4        1, 

7 

22 

. 

. 

26 

1  Nov.  . 

2    .      M        . 

6 

.27 

6  Oct 

10 

1  mile  N.W.  by  W.  of 
Cromai  ty, 

26 

11  Oct   . 

N..  side  of    Cromarty 
Ferry, 

2 

.   5 

. 

27 

16    „ 

Nairn 

9 

10 

^ 

• 

28 

21    „ 

Nlgg  Sands,  . 

8 

15 

, 

. 

20 

28    „      . 

N.  side  Nigg  Bay,     .    . 

H 

22 

!      ; 

80 

18  Oct 

Nlgg  Sands,  .       .        . 

• 

•  Oct 

10 

7  miles  E.  |  S.  of  T  rbct 
Ness, 

81 

15    „ 

lii 

6 

. 

32 

* 

Hoperoan  Harbour, '    . 

11 

6 

. 

'. 

88 

'5  jin.  '96 

^  mile  £.  of  Bnrghead, 

86 

11  Oct 

40 

Smith  Bank  (mlddlcX   . 

84 

16  Oct  '94 

i    „      „    Portknockie, 
Banffshire, 

29 

5 

• 

• 

35 

21    ., 

East    side   of    CuJlen, 
Banffshire, 

29i 

10 

. 

86 

24    „     . 

2  miles  K.  of  Cullen, 
Banffshire, 

29| 

18 

. 

87 

16    „ 

Flndochty,  Banffshire,. 

29 

5 

• 

. 

88 

17    „ 

W.     of     Portknockie, 
Banffshire, 

29i 

tf 

• 

. 

89 

1»        M           . 

\  jnll<   E.   of  Cullen. 
Banffshire, 

m 

.    8 

• 

. 

40 

28    „     . 

\  jnlle  E.  of  CnUen, 
Banffshire, 

»i 

.12 

11  Oct 

10 

SOmllesE.  byS.  IS.of 
Dnnbeatb, 

41 

17    „ 

Maednff,  Banffshire,    . 

87 

• 

• 

49 

"     " 

Banff,  Banffshire, 

87 

• 

*  Tliat  U  along  a  straight  line  between  the  two  potnta. 
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Tablb  bbowiko  PABTicuLABa  OF  Dbiftbbs — contttiued. 


Date  and  Poaltion  where  set  Adnf  t 

No. 

Date  and  PoaWon  where  Becovered. 

Minimum 
tmvBlied 

Tfane 
between 
aettiBs 

asdR^ 
corery 

IMe. 

Nnmber 
bottlee. 

Nnmber 

of 
Wooden 

t^oattlon. 

Date. 

l»odtlon. 

Slips. 

In  Days. 

1894. 

HOC*. 

10 

18  miles  E.S.E,  of  Dun- 
beath. 

43 

17  Oct '94 

lanstown,      Backte, 
Banifshlre, 

w* 

€ 

. 

44 

««         M 

Findochtj,  BanffUilre, . 

83 

• 

12  Oct 

10 

16  miles  N.N.E.  I  E.  of 
Cullen, 

45 

29    „ 

1}  mile  E.  of  CuUen, 
Banffshire, 

16 

17 

• 

. 

«           • 

46 

IDoc. 

CnllenBoach, 

16 

50 

HOct. 

10 

16  mfles  8.E.  of  Old  of 

• 

•           •           • 

• 

• 

22    „ 

10 

2)  miles  E.S.E.  i  S.  of 
£mb0f 

1           . 

47 

48 
40 
00 
51 
52 
53 

25  Oct. '94 

2«       M 

»»     »» 

ii     f« 

2f 

1 

4 
4 
4 
4 
4 
4 

22  Oct 

10 

2f  mUee  8.  Of  Brora,     . 

• 

•           • 

• 

• 

If    «i 

10 

9  miles  N.N.m  of  Tar- 
bet  Ness, 

54 

21  Nov.  '94 

Gokpic,  Sathcrlandshire, 

t 

SO 

23    .. 

10 

H  mUea  N.    f   E.  of 

LoiriMllOtltll, 

56 

28  Oct. 

8  miles  £.  of  Tain, 

20 

h 

• 

• 

•           •           • 

56 

29    „ 

H  miles  W.  of  Tarbet 
Llflitbouse, 

17 

• 

, 

•           i           • 

57 

12  Nov. 

Tain 

23 

20 

, 

^ 

58 

28    „ 

Embo,  Satherlandshire, 

21 

36 

• 

• 

(           • 

59 

15  Jan. '95 

^  mile  W.   of  Tarbet 
Ness,       , 

14* 

«  1 

• 

• 

•           •           • 

60 

21        M 

2  miles  E.  of  Tain, 

91 

•"  1 

Oct 

10 

lemilesE-iS.  of  Tar- 
bet  Ness, 

61 

»    ., 

Rockfleld,  near  Twbet 
Ness, 

Id 

1 
96 

• 

• 

n 

1  Nov.  *94 

Near    Ballone    Casile, 
Tarbet  Ness, 

17 

9 

• 

• 

•          «          • 

63 

3    ,. 

Near    Ballone    CasUe, 
Tarbet  Ness, 

17 

U 

• 

1 

•           •          • 

64 

14    «. 

Near    Ballone    CasUe, 
Tarbet  Ness, 

»» 

92 

• 

. 

1          •          • 

65 

28Jaa.*95 

Tarbet  Ness  Point, 

16 

97 

0NOT. 

10 

8  miles  &B.  stf  Bnehan 
Neas« 

66 

4  Dec  '94 

Brandosnnd,  near  Ber- 
gen,  Norway, 

270 

99 

• 

•7 

18    „ 

EJarvaagsnnd,        near 

490 

4^ 

• 

•          •           • 

68 

27    „ 

15  mi'es  N.  of  Trondh- 

jem,  Norway, 
Fro  Islands,  off  Trondh- 

494 

S9 

, 

•          •          • 

69 

5    „    '95 

500 

895 

jero,  Norway, 

6  Not. 

20 

10mUesS.E.  of  Olidle- 
liess, 

70 

28    „    '94 

Smolen,  Christiansund, 
Norway, 

470 

Cf 

• 

• 

J           «           • 

71 

7  Oct.  '95 

Northfolden  Fjord,  near 
Loffoden  Islee,  Nor- 

780 

334 

• 

• 

i          « 

72 

15  May  '96 

6  nSfes  N.   of  Chris- 
tiansond,  N.  Norway, 

636 

6» 

6  Nov. 

n 

10taileBS.E.0fBeme, 

78 

1  Jan.  '95 

Ki|in,   N.   of   Bergen, 

Norway. 
6  miles  N.  of  Harste- 

340 

S6 

4 

«          *          • 

74 

8  Aug. 

880 

976 

ness,  near  Bergen, 

^ 

^ 

4 

rf          •           • 

75 

16  Feb.  '96 

Skralenses,  SandS,  near 

490 

467 

Norway, 

20  Nov. 

z 

• 

Firth  of  Forth,  t  miles 
Leflnehkeitti, 

76 

28  Nov.  '94 

Arbroath, 

a 

ft 

'Tiailia 


I  m  iMigbl.ltot.MiirMi  Hbt  tvt  ftHii. 
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Tablb  BHOwiNQ  Partioulam  OF  DttiFTBR*— con^mi^. 


Dflte  and  Poeitloii  whaie  set  Adrift 

No. 

Data  and  Position  wharo  Baeeverod. 

ylintffltiiti 
distance 
araveUed 
InGeoa. 
Mllea.» 

Time 
between 
setting 
away 
and  Re- 
covery 
in  Days. 

Daie. 

Nomber 
of 

Bottles. 

Nnmber 

of 

Wooden 

Sllpe. 

Position. 

Date. 

Position. 

1894. 

20  Not. 

28  Nov. 

• 

«                     4                     • 

Firth  of  Forth,  %  mfles 
N.  of  Mosselborgh, 

77 

.78 
79 

8  Aug. '96 
17  Feb; 
20  July 

HouTig,    near    Rlngk- 

jOblng,  Denmark, 
3Near  Redcar,  Yorkshire, 

Near  Ording,  Schloswig, 
Germany, 

III 
480 

86 
239 

23  Not. 

Firth  of  Forth,  1  mile 
W.N.W.   of  Qullane 
Ness, 

* 

' 

•           •           • 

• 

• 

28  Not. 

Of!  Firth   of    Forth,  8 
miles  8.a£.  of  May 

80 

17  Feb.  '96 

Seaton     Oarew,    West 
Hortlepoi  1, 

108 

81 

• 
• 

Islo, 
«           •           • 
•           *           • 

81 
82 

18  July 
22    „ 

Heligoland,  Germany, . 
Holllg,  Oland,  Ptusala, 

360 

• 

237 

28  Not. 

10 

Off   Firth  of  Forth,  8 
miles  S.E.    of   May 
Isle,       . 

88 

14  Aug. 

8  mfles  N.  of  the  Horn, 
Denmark, 

848 

259 

30    „ 

Firth  of  Forth,  1  miles 
8.  of  Fif  eness, 

• 

•           •           • 

• 

• 

'1     II 

Firth  of  Forth,  1  mUe 
W.  of  May  Isle, 

84 

16  Feb.  '96 

8}  milesS.W.  from  Brid- 
lington Pier,  Yorks,  . 

162 

78 

• 
* 

JWNoT. 
30  Not. 

Fhrth  of  Forth,  6  mQes 
W.  of  May  Isle, 

a             •             • 

•             •             • 

Firth  of  Forth,  H  miles 
S.  of  Pittenweem, 

Fliih  of  Forth,  1^  mllet 
S.  of  St  Monance, 

8fi 

86 
87 

88 

89 

90 

91 

17    „ 

1»    .. 
M    II 

16  Aug, 

IDec '94 

6  Feb. 

IDec 

Near  R«dcar,  Yorkshire, 

Filey,  Yorkshire.  . 

Ik  mUea  W.  of  WhUby, 

Yorkshire, 
3}  miles  W.  of  Egmont- 

on-Sea,  N.  Hofiand. 
W.St  side  of  Isle  of  May, 

4  mfles  8.  of  Wlthem- 

sea,  Torkshir^ 
West  side  Isle  of  May,. 

118 

140 
129 

886 

190 
6 

79 

81 
86 

260 

1 
67 

1 

»♦    II 

Firth  of  Forth,  4  mile  N. 
of  Bass  Rock« 

92 

16  Feb. 

Atwick,  near  ^msea, 
Yorkshire, 

178 

77 

II    II 
II    II 

Fkth  of  Forth,}  mile  N. 
of  Bass  Rock, 

Firth  of  Forth,  JmileN. 
by  E.  of  Fidra^ 

98 

19    1. 

deaton  Carew,  Durham, 

121 

81 

ID«^ 

Firth  of  Forth,  midway 
between    Largo    and 
Cockenzle, 
•           «           • 

94 

8  Dec. 

EUe.Flfe.     ,       .       . 

n 

7 

. 

96 

10    ,. 

St  Monance,  Fife, . 

9k 

9 

IDec. 

Firth  of  Forth,  1}  miles 
E.oflMhk«lth, 

98 

II    II 

Elie,flfe,     .       .       . 

12 

9 

«    II 

g 

Firth  of  Forth,  2  mHes 
8.    by    E.    of   West 

97 

II    II 

WeTiy8sCaatle,Flfe,   . 

3 

4 

• 

Wemyss, 

98 

II    II 

West  Wamyis  Harbour, 
rife. 

3 

4 

6DM!. 

? 

Firth  of  Forth,  3  mUes 
S.  by  E.  of  Ufren, 

99 

14    „ 

KInci*If,£ye,tife,     . 

8 

8 

7    « 

• 

, 

18  railea  E.  by  8.  from 
May  Isle, 

100 
101 

6  Feb. 
M    II 

WitWaseat  n^^r  Him, 

Qri^morpe,  Faet,  York- 
shire,       •       .       . 

lf8 
149 

60 
79 

7  Dee. 

10 

• 

22  miles  £.  by  S.  from 
May  Isle, 

102 

4    „ 

Wltlianata,BMrHnn, 

180 

69 

>  Thm  IM  aleog  a  sInrighlllBt  baiweea  tto  1^0  potato. 
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Part  III. — Fifte&nth  Annual  Report 
Tablb  showing  Partioulabs  of  Drifters — continued. 


Date  and  Position  where  set  Adrift. 


Date. 


Nnmber 

of 
Bottles. 


Number 

of 

Wooden 

Slips. 


Position. 


No 


Date  and  Position  when  Becovend. 


Date. 


PoslUon. 


dlntawce 

tnrelled 

in  Geoc. 

MllflOw^ 


1894. 
10  Dec 
13    „ 

17  Dec. 

17  Doc. 

19  „ 

20  „ 


isnjs. 
11. 'an. 


i'9  Jan. 

0    „ 

30    „ 

8  Feb. 

8    „ 

9    « 

10    „ 

i 

10 


Firth  of  Forth,  1  mile 
N.  £.  of  GuUane  Ness, 

S|  miles  S.  S.  W.  of  BeU 
Rock  Lighi  house. 


9  miles  E.  of  Borbert 
Ness,  Fife, 


6}  miles  S.E.  bj  S.  of 
Boddon  Ness, 

2  miles  S.S.  E.  of  Bnddon 
Ness, 

8  miles  S.E.  of  Scurdy 
Ness,  Forfarshire, 


32  mUes  N.  by  W.  of 
Klnnsli-d  Head. 

18} miles N  b jf  mile W. 
of  Klnnaird  Head, 

181  miles  N.N.E.  of 
Peterhead, 

N.E.  by  N.  of  Peter- 
head, 

Firth  of  Forth,  2  mUes 
S.  by  £.  of  West 
Wemyss, 

Firth  of  Forth,  2  miles 
S.  by  E.  of  Leren, 

Firth  of  Forth,  midway 
between-  Largo  and 
Cockenxle, 


Firth  of  Forth,  II  miles 
E.  of  Inchkeitb, 

Firth  of  Forth,  1  mile 
W.N.W.  of  Gullane 
Ness, 

Firth  of  Forth,  2  miles 
N.  of  Musselburgh, 

Firth  of  Forth,  \\  miles 
B.  of  Bass  Rock, 

Firth  of  Forth.  8  miles 
&S.E.ofMayIsle, 

Ord.  of  Caithness,  N.  60, 
W.  11  Min., 

NossHead,N.87,W.  11 


109 


110 


Ul 


113 


15  Feb.  *96 


6  Feb. 


3       M 


20  Feb.  '95 
22  Feb. 


25  Feb.  '95 
37    „ 


114 


119 


120 


121 


4  Feb.  '95 


2  Feb. 
15    n 


Hornsea  Sands,  YoA- 
shire, 


Withcmsea,  near  Hull. 

2  miles  S.  of  Donna 
Nook,  Lincolnshire, 

Filey  Beach,  near  Scar- 
boro*, 

1  mile  N.  of  Wlthem- 
sea,  near  Hull, 

Donna  Nook,  Lincoln- 
shire, 


Coatham,  Rcdcar,  York- 
shire, 

Hinderwell,  near  Whit- 
by, Yorkshire, 


Knocklnnon,  near  Dmn- 
beath, 

Burghead  Harbour, 


11  Aug.  '95 
80ct 


Salmon     Stake     Nets, 
Dalmeny  Park,     . 

Bambogle  Castle,  Dal- 
meny Park, 

Bambogle  Castle, 

East  WemyssVpife,      ! 

Oranton  Harbour,     •  . 

Wardie  Bum,  Granton, 


8  n'iles  N.  of  the  Horn, 
Denmark, 

EtUJo,   near  Fursund, 
Norway, 


1«8 

199 
207 

161 

193 
208 


143 
164 


44 

57 


1«* 
16 

6 
6 

4 

H 


S65 
817 


«  That  is  along  A  Straight  line  between  the  two  points. 
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Table  showing  Pabtioulabs  of  Drifters — continued. 


Date  and  Position  where  set  Adrift. 


Dote. 


Number 

of 
Bottles. 


!7nniber 

of 

Wooden 

Slips. 


Position. 


No. 


Date  and  Position  wbere  Recoyered. 


Date. 


Poei.lon. 


Minimum 
distance 
travelled 
In  Geog. 
Miles.* 


Time 
betwee'i 
setting 
aaway 
nd  Re- 
covery 
n  Days. 


1895. 
lu  Feb. 


11    .. 

11  Feb. 
»»    »» 

UFeb. 
1«    „ 

liFeb. 

31  Feb. 
M    .. 


10 

4 


6. 
10 


10 


84  Feb. 


34  F^. 


34Fttb. 


10 

10 
10 


10. 


10 


Noss  Head,  N.  10  Mln., 


Firth  of  Forth,  ^  mile  N. 
of  Boss  Rock, 


Hrth  of  Forth,  \  mile  N. 
by  E.  of  Hldra, 

Firth  of  Forth,  U  m«<» 
S.  of  St  Mononce, 


nrth  of  Forth,  \\  miles 
S.  of  Pittenweem, 

104  miles  &£.  of  May 
5  miles  S.E.  of  Hay  Isle, 


Klnnaird   Head,   S.   34 
Mln.,E.  3i$Mln., 

Smith  BonlL,  Moray  Firth, 

Between  May  Itie  and  the 
Nate  0/ Iforwoff. 

16  miles  E.  i  S.  of  May 
Isle, 


133 

133 

134 
126 

136 
137 
138 

139 
180 
181 
183 

188 


36  mOes  E.  of  May  Isle, 

86  mUes  E.  of  May  Isle, 
60  miles  S.  of  May  Isle, 


180  miles  E.  of  May  Isle, 


180  miles  E.  of  May  Isle, 


37  Feb.  '09 

36  Aug. 

8  Sept 
18  Fob.      . 

10  ti 
M  „ 
18   „ 

18  „ 
99    „ 

««    1. 

81  Aug.        I 

13  Mar. 

8  Aug.  '96 

OSept. 

10  „ 

37  Aug. 

38  „ 

81    „ 
16  Sept 

2«    « 

31  Aug. 
«    .. 
14  Sept 
7  Aug. 

11  ., 


1«    „ 
14  July 

8  Aug. 


Abeirdour,  near  Fraser- 
burgh, 

Klifanoeller'  6  miles  S. 

of   Hansthohn,  Den^ 

mark, 
Hanstead,    Hanstholm, 

Denmark, 
St  MonancQ,  Fife, 

Eosi  Sands,'  St  Andrews, 
Tentsmulr  Sands,  „  '  . 
Kingsbams^  Fife, 

8  miles  N.W.  of  Flfeness, 

Kingsboms,  Fife, 

i  mile  ^  of  Crall, 

HIrtshals  near  theScaw, 
Denmark, 


Phnorth  RlTor,  Fraser- 
burgh, 


Kicgod,  near  RlnkJSb- 
ing,  Denmark, 

8  miles  &  of  mrtshals, 

Denmark, 
i  mile  W.  of  Old  SkoF. 

Denmark, 
4  miles  S.  of  *BorbJerg 

Lighthou8e,near  FJol- 

tring,  Denmark, 
HaurYlg«     Holmslond- 

sklltte,  Rlngl^Oblng, 

Denmark, 
Lilkken,  near  Uirtshus, 

Harboore,  near  Lemv'lg, 
Denmark, 

1  mile  W.  of  Old  Skaw, 

Haunrig,  RingkjSbing, 

Denmark, 
Aargab,     RlngkJUblng, 

Denmark, 
3  mUes  N.  of  Rlngk- 

JObhig,  Denmark, 

Harstokkcn,  near  Ny- 
mindegab,  Denmadc, 

Hnsby,  8  miles  N.  of 
lUngkJUbing,  Den- 
mark, 

Aorgab,     RlngkJOblng, 

Nymindegab,  16  mUes 
N.  of  the  Horn,  Den- 
mark, 

Near  Nymindegab.  11 
miles  N.  of  the  Horn, 


4Z 

873 
376 

^ 

17 
30 
10 

lei 

16 

H 

466 
46 

838 

896 
410 
838 

836 

886 

830 

400 
800 
808 
800 

388 
386 
384 

303 

300 


U 
19*3 

3  0 

.7 

*6 
13 
7 

6 

10 

II 

301 

18 

166 

194 
198 
184 

186 

188 
304 

311 

178 

i;9 

303 

164 
168 
173 

140 

160 


»  That  Is  along  a  itnUght  Uott  between  tba  two  points. 
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Date  and  Poritton  when  Ml  AdiUl 

No. 

Date  i^d  PosMoa  wHere  Baoowed. 

Minhnun 

-  distance 

travelled 

hiGww. 

Miles.* 

^     Tbnc 
'between 
setting 

Md^ 

covery 
inDajrs 

D4te 

of 
Bottlea 

Namber 

of 

Wooden 

SUpa. 

PoeMon. 

Datei 

Position. 

1 

189*. 

• 

• 
• 

•  •          • 

•  •          • 

IM 
151 

4Aag.*Ai 
6  Feb.  '96 

BnskavRw^lfantnnd, 

Sweden, 
Smolen     Island,    near 

ObiMaasond,       N. 

Norway, 

808 
486 

1«1 
847 

lHar. 

4f 

South  Baak, 

m 

4Mar.*95 

New  Aberdour,  Fraser- 
burgh, 

New  Abecdaor,  Frasor. 
burgh, 

Dlndarg    Castle,    near 
Boeehcarty, 

Peanan  Harbour,  Aber- 
deenshire, 

Pennan  Harbour,  Aber« 
deenshlre, 

40 

• 
• 

• 

• 
• 

•  •          • 

•  1          • 
«          •          • 

•  •          • 

16t 

IM 

155 
156 

4    1, 

4       M 

6    .1 
A    1, 

40 

40 
88J 
88J 

7  Mar. 

5 

18  milee  E.N.E.  of  Flfe- 
naM, 

157 

24  June 

Scarborough,  Yorkshire, 

140 

109 

12    M 

• 

lfnilM&B.afWlck,  . 

158 

A  Sept. 

Llknoes^  Karmo  Island, 
near  Staranger,  Nor- 

27a 

181 

18    „ 

6 

35mllet^ofW|ck,    . 

159 

«    .1 

2  m3«B  a  of  Lysekll, 
Marstrand,  Sweden, 

464 

177 

»»     »f 

6 

W  miles  N.B.  of  rwwer- 
bnrgh. 

• 

•-          •           • 

• 

«t     II 

A 

91  Andrwpa  Bay,  Fifa, 
8mlleaB.ef  Barbert 
Ness. 

100 

WSejAj 

Slmftoaaef  the  Light- 
house  of    BoTlderg 
<i:|altrlng),  Denmark, 

85A 

186 

n      11 

5 

St    Andrews    Baj,  H 
mttsfl  as.  by  a  of 
^wkknllsss. 

161 

«8    „ 

U(kken,  Denmark, 

408 

19( 

u  „ 

A 

fmfleiBLeltlA»die««. 

• 

• 

•          •          • 

•  • 

- 

II        M 

A 

•Biles  ■.•ftlA»drewa» 

Itl 

MSept. 

\\  miles  S.  from  Hiit- 
shals,  Denmark, 

417 

190 

II        ft 

6 

a   Milea   B.8.E.  from 
aioiiebavea,. 

168 

»    ,1 

Blokhus,  80  miles   E. 
of  Hanstholm,  Den- 
mark, 

878 

179 

15    » 

5 

12mnaa&elWick,    . 

164 

16  June 

Portsoy,  Banffshire,     . 

52 

98 

n     II 

6 

24mUe8E.N.E.ofWlck, 

165 

28  April 

So.  Phamy,  by  Long- 
hope,  Orkney, 

25 

89 

II     II 

6 

17  mfles  E.  by  i  a  of 
Donbar, 

166 

9  Sept 

Blokhus,  Denmaik,      . 

878 

178 

!•     H 

It 

• 

UaiU«i&elM«7lsle, 

•          •          • 

Between  M«vf tie  and 
the  Naze  of  Norwoff. 

167 
168 

»    1. 

Buberg,  a  of  BSxtshals, 
Denmark, 

RlngkUbing,  Denmark, 

89A 
884 

18ft 

186 

16  Mar. 

10 

iftiallwKiaef  May 
lal©, 

169 

>i     11 

Skallerup,  S.  of  Hlrt- 
sbals,  Denmark, 

885 

186 

,1     1. 

It 

W 

"       i»              i» 
AA                         ji 

170 

10        M 

Blokhus,  26  mUw  E.  of 
Hansthohn       Light, 
Denmark, 

878 

178 

t>     II 

• 

171 
172 

27  Aug. 

Sklveren,  Raabjerg,near 
the  Scaw,  Denmark, 

850 

164 

II     II 

• 

M 

K       ^ 

laept. 

4  miles  E.  of  Hirtshals, 
N.  Jutland,  Depmark, 

838 

168 

•  TtalkialiBf  ft 
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Date  and  Vo%\\\m  wUpre  aet  Adrift 

No. 

Date  and  Poaittop  wj»ere  RppoYqrrt- 

Minimum 
dUtancfl 
traveUed 

Time 
between 
setting 

and  Re- 
covery 
in  Days. 

Date. 

tf  amber 

of 

Wooden 

SUpa. 

Position. 

Date. 

Position. 

18957 
KKar. 

« 

la 

mnMles«.o|¥ivie^ 

178 

^3epf?5 

Hirtshals,  N.  Jntland, 
Denmark, 

m 

170 

it    *i 

10 

, 

80        „               fi 

174 

18    „ 

P^lOi,  N,  iTlitland, 
BlokhSj9!jatland,  . 

*i;d,^^*  ^• 

9H 

W 

10 

• 

• 

180      „ 

175 
176 
177 

8  Aug. 

86ft 

1?! 

145 
147 
U9 

l«Mar. 

\^ 

• 

180mUetE.pfMayI^ 

178 
179 

J:: 

RioW|M,«,^tVuid^  . 

291 

226 

}JS 

laMar. 

ft 

1 

IQ  milw  £.  ^f  Bnchan 

180 

98aept 

At  the  Scaw,  Denmark, 

897 

196 

••    »• 

# 

U  mile4  ^  Pi  Buchan 

181 

U    ., 

*^p£o.l°'^ 

890 

179 

n     i» 

i 

1 

6Awilca«.|:.^Fnu»F- 
burgh, 

• 

• 

• 

• 

• 

1»     .. 

ft 

, 

10  miles  S.E.  of  Lerwick, 

• 

•                •                • 

• 

• 

»     .. 

f 

t 

'^\t^A{r 

• 

-• 

•             •             • 

• 

• 

• 

6 

% 

Firth  of  Forth,  6  miles 
Yf.ftlWayWe, 

182 

20  May '95 

shire, 
2milcsN.of  Rlngl^Ob- 
Ing,  Denmark, 

202 
848 

61 

179 

20  Mar. 

6 

• 

Firth  of  Forth,  1  mile 
W.  ol  IMyy  V>ie. 

184 

4  April 

1  mile  N.E.  of  Wark- 
war%  JI<ifthumber. 

64 

15 

»t    »» 

• 

• 

20  Mar. 

< 

• 

4 

\ 

firth  of  Forth,  1^  milea 

S.  of  ^  Monance, 

•.           1           • 

•  %           • 

•  •           * 

Firth  of  Fo*-th,H  miles 
S.  of  PIttenwecm, 

185 
186 
187 

188 

»»    »» 
4    „ 
1AH«. 

A]ab)eriw.A«kitngton, 

Korthmnherlapd, 
Warkworth      Harbour, 

Northumberkmd. 
8   miles  S.    of   Bl^, 

Northumberland, 
8  mllea  M.  o<  Blokbos, 
DeiMnark, 
.          •          • 

«4 

67 

82 

408 

• 

18 
18 
15 
184 

«    ». 

5 

' 

75  miles  E.  by  N.  of 
May  Isle, 

189 

12  Sept '95 

Mala:^'s  fl^nhuggeri, 
Bohuslan,  Sweden, 

480 

176 

»      n 

5 

n  miles  N.E.  by  E.  of 
Vi-aserborgb, 

190 

7  April 

ImlleW.ofRosehearty, 
Aberdeenshire, 

84i 

9 

t»      »» 

5 

• 

55  mfles  N.E.  by  E.  of 
Fraserburgh, 

• 

• 

• 

• 

SApiH 

10 

. 

HmUcsS.S.W.of  Bell 
Kock^ 

191 

18  May  '95 

}  mile  E.  of  Dunbar,    . 

22i 

40 

• 

, 

192 

M       M 

UrgQ,Wa».       .       . 

W4 

44 

• 

• 

•           •           • 

198 
194 

6  Jane 

East   Hartlepool,  Dur- 
ham, 
Whttby.XwlvWre, 

121 
189 

59 
65 

UiApn] 

« 

« 

aa  mikMk  ^^,  «f  umA, 

• 

•          •           • 

• 

• 

M       f» 

4 

K 

10  miles  S.E.oi  Flogga 
Ughthoose, 

• 

« 

^          •          •- 

^ 

* 

H  » 

5 

, 

MiaileiS.$l%9l9toMr 
haven, 

•           t          • 

18ft 

$Jtm'¥ 

^   Mra'ft   M^  near 

Cutletcoats, 
J  mile  W.  from  the  Old 

Scaw,  Denmvk. 

128 

51 

• 

• 

y^ 

MSept. 

402 

147 

«  That  i5  sloDg  a  itnight  Ita*  betvef9«  Ui*  tKa  polPli. 
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Date  and  PodUon  where  aet  Adrift. 

No. 

Date  and  Position  where  BecoT«red.    „.  . 

Minlmnm . 

Time 
letweea 
•ettlng 

away 
andBe- 
oovery 
InDaya. 

1 
Date. 

bomber 

of 
Bottles. 

dumber 

of 
WTooden 
SUps. 

PoaltioD. 

Date. 

Position. 

trarelled 
inOeog. 
Miles.* 

1895. 

•           •           • 

197 

18  Sept '95 

OronhdJ,  |  mile  from 
BlokhuB,  Denmark, 

86* 

155 

IC  April 

a5mile8E.S.E.  of  Stone- 
taaren, 

• 

. 

• 

• 

17    „ 

Firth  of  Forth,  2  mllee 
£.oflDchkeith, 

198 
199 

25  April  ■ 
8  May 

1  mile  E.  of  Largo,  Fife, 
Earlsferry,  Fife,  . 

12 

8 
16 

17  April 

Firth  of  Forth,  midway 
between    Largo    and 

200 

201 
202 

25  April 

26  .. 

«8    .. 

EUe,  Fife,     . 

Core,  Haddingtonshire, 
Step  Rock,  St  Andrews, 

n 

98 
264 

8 

9 
11 

22  April 

8  miles  S.SJL  of  May 
Isle, 

208 

26    „ 

Kingsbams,  Fife, . 

12 

4 

.• 

204 
20ft 

28    M 
6  May 

Boarhill,  Fife,      .       . 
Ruddon  Point  Largo, 

Fife, 
4  miles  E.  of  St  Andrews, 

i^ 

6 

n 

•           •           • 

206 

28  July 

. 

.  1 

22  April 

6  miles  S.E.  of  May  Isle, 

207 
208 

7  May 

Belharem.  Dnnbar, 
5  miles  W.  of  Dnnbar, . 

10 

l!l      1 

17    ' 

22  April 

101  miles  S.E.  of  May 

209 

29  April 

Belharen,  Dnnbar, 

1U 

7    1 

• 

210 
211 
212 

IMay 

5  miles  B.  of  Dnnbar,  . 
8  raUes  W.  of  Dnnbar. . 
BlackhaU  Rocks,  Hartle- 
pool, 

10 

12* 

100 

9    1 

a 

30 

1 

22  April 

67mUesE.iS.of  May 
Isle, 

218 

14  Sept 

Skallemp,  S.  of   Hlrt. 
shals,  Denmark, 

818 

,«, 

2T    „ 

25  miles  E.  by  N.  of  May 
Isle, 

214 

18  Jnly 

Clonghton  '  Wyke,     5 
mUes    N.    of    Scar- 
borough, 

2mUe8E.ofHansthoIm, 
Denmaric, 

142 

77    ' 

• 

. 

215 

27  Sept 

850 

135  ; 

80  April 

20  miles  S.E.  of  Lerwick, 
Shetland, 

216 

81  Aug.  • 

Outside        Harhamstf, 
SondmOr,  2  miles  N. 
of  Aalesnnd,  Norway, 

250 

124     1 

IMay 

10  mUes  E.  by  N.  from 
Bachan  Ness, 

217 

10  Sept. 

10mUesS.ofHlrtsha]s, 
Denmark, 

865 

134    ' 

•1     »i 

20  miles  E.  by  N.  from 
Bachan  Ness, 

218 
219 

21  Sept. 

Raabjierg,  W.    of  Old 
Scaw,  Denmark, 

2  miles  W.  of  Okl  Scaw, 
Denii.ai'k, 

882 
884 

145 

20  May 

Firth  of  Forth.  4(  mUes 
E.byN.oflnchkeith, 

220 

80  May 

li   miles  W.  of  Craig 
Itoyst  n,  near  Qranton, 

«i 

10 

»t     It 

4}    miles    N.N.W.    of 
FIddra, 

221 
222 

26    „ 
29    „ 

Burntisland,  File, 

Point  Garry,  No.  Ber- 
wick,   • 

18 

6 
9 

24  May 

', 

Firth  of  Forth,  4  miles 
W.  of  May  Isle, 

228 
224 

5  June- 
9Sept 

Pttthhcad,     Kirkcaldy, 

Fife, 
Lyngby,  near  IQOrriog, 

Denmark, 

428 

13 
108 

24  Joly 

10 

.' 

11-miles  aE.  of  Scurdy 
Ness,  Forfarshire, 

• 

• 

. 

• 

<i 

24    u 

10 

llmile8S.E.of  Scuidy 
Ness, 
•           •           • 

225 

11  Ang.  ^95 

i miles,  of  EUe,  Fife,. 

84 

17 

• 

• 

226 

22  Oct.  . 

Ngmindegab,   near  N. 
Nebel,  Denmark, 

844 

•  90 

•  That  is  along  a  straight  lino  between  the  two  points. 


Digitized  by 


Google 


of  tilt  Fishery  Board  foi*  Scotland, 
Tablb  showing  Particulars  op  Drifters — continued . 


385 


Date  and  Position  where  set  Adrift. 

No. 

Date  and  Position  where  Recovered. 

Distance 

travelled 

in  Gcog.* 

Miles. 

Time 
between 
setting 
away 
and  Re- 
covery 
In  Days. 

D^te. 

Number 

of 
BotUet. 

Number 

of 

Wondeu 

SUpe. 

Poeilton. 

Date. 

Position. 

1895. 

• 

• 

•           •           • 

2^7 

2  Jan.  '96 

Kolnns,  2  miles  S.  of 
Tananger,  near  Sta- 
vanger, 

800 

162 

>4  July 

10 

11  miles  S.E.  of  Bervle, 

228 

15  Aug.  '95 

KIngsbams,  Fife, . 

84 

21 

»i     It 

10 

llJmllesS.E.ofOlraio- 
ness, 

229 
230 

16    », 
6  Fob.  '96 

Arbroath,  Forfarshhre, . 

Bay  at   Skaatlo,    near 
Krager9,  S.  Norway, 

40 
420 

22 
196 

25  July 

10 

10*   miles  off  Rattray 
Head, 

231 

11  Dec.  '95 

Rfluane,  near  KragerO, 
S.  Norway, 

400 

139 

2Ang. 

10 

12  mllME.  by  S.  of  Tar- 
bet  Ness, 

• 

. 

• 

• 

t»       n 

So 

10*    miles    N.N.K.    of 

232 
238 

15  Not.  '96 
18    „ 

Most  southerly  polnl  of 
Skudesnaes,  Norway, 

9  mUes  N.  from  Skudes- 
naeshavn,  Norway,  . 

286 

288 

105 
108 

8  Aug. 

10 

(Smith  Bank)  19  miles 
S.E.  by  E.  of  Helms- 
dale, 

284 
235 

14  Oct 
13  Dec. 

On  the  is'and  Gjutfng, 
BommelOcn,  W.  side 
Haugcsund         (near 
Bergen), 

BlomvHSg,  Lat   N.  00' 
8/,  Long.  E.  4'  58', 

288 
8C0 

67 
127 

8  Aug. 

10 

Smith     Bank,     Moray 
firth,    . 

280 

«    »» 

Jederens  rev,  S.-W.  Nor- 
way, about  15   kilo- 
metres from  Stavanger, 

2S« 

120 

»♦    »i 

;o 

Smith     Bank,     Mon^v 
FIrtli, 

287 
238 

18    „ 
6  Mar.  '96 

Skogsd,  10  kUom.  E.  of 

Mandal, 
SmSgen,     near    HSilo 

lighthouse,  W.  coast 

of  Sweden, 

844 
490 

188 
210 

8  Aug. 

10 

18^  miles  N.  of  Banff,  . 

239 
240 

21  Not. 
2  Feb. 

Indrevoer,     Sulen,     in 

Sogn,  Norway, 
Ncerland,    Norbo,  near 

Stavanger, 

810 
270 

106 
178 

•  Aug. 

10 

9miIcsS.E.  ofLybster, 

241 
242 
248 

18  Aug..'95 

17  „ 

18  Feb.  '97 

Lybster  Bay,  Caithness, 
Nes'Ameiand,  Hoiiand, 

10 
10 

404 

9 

8 

65^ 

•  Aug 

10 

17f  miles  S.E.  of  CTyth 
hess. 

244 

27  Aug.  *W 

Dunnct  Sands,  1  mile 
from        Castletown, 
Caithness, 

• 

18 

27  Aug. 

6 

Firth  of   Forth,  E.  of 
May  Isle, 

245 
2W 

27  Feb. ''97 
27  Jan.  '96 

Sulen   Island,  N.  Ber- 
genhus,  Norway, 

7  miles  E.  of  HirtsUals, 
Denmark, 

818 
HO 

667 
158 

28    M 

10 

8  miles  S.S.E.  of  May 
Isle, 

247 

18  Not. '95 

kilometres  N.  of  Go- 
tlienburg,  Swcded, 

478 

•   82 

• 

10 

10^  miles  S.E.  of  May 

248 
249 

4    „ 
IDec. 

Vlgsnses,  Karm8en,1iear 
Stavanger,  Norway, 

Outside  SandUen,  near 
Tvedestran,  Norway, 

808 
400 

•    98 
95 

1896. 
20  Mar. 

10 

16 

6  miles  N.E.  of   May 
Isle, 

. 

.    -       .    • 

• 

• 

♦»    i» 

10 

16 

1  mile  N.  of  Bell  Rock, 

260 

25  Aug.  '96 

Between     Falga     and 
Khrkduln.nearnclder, 
N.  Holland, 

300 

152 

2b 


*  That  is  a  straight  line  between  tha  two  points. 
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Dote  and  PoJflon  where  let  Adrift. 

Time 
betwesn 

Distance 

DaUi 

Number 

of 
Bottles. 

Kumber 

of 

Wooden 

SUpa. 

Position. 

No. 

Date. 

Position, 

travelled 

InGeog.* 

MUes. 

setting 
away 
and  B*»- 
eovery 
in  Day*. 

20Mar. 

10 

85 

9  miles  8.E.  of  Montrose, 

251 

26  Jane  *96 

N.  side  of  TerscheUIng 
IsUnd,  Holland, 

808 

91 

ti    ti 

10 

80 

10  miles  S.E.  of  Stone- 
haven, 

252 

End  of  July 
'96 

On  Texel  Ishmd,  Hol- 
land, 

305 

• 

,.        M 

s 

n 

10  miles  S.E.  of  Girdle- 
ness, 

258 

21  July  '96 

E.    end    of    Ameland 
Island,  Holhind, 

322 

117 

»1        11 

6 

80 

10  miles  E.  by  8.  of 
Buchanneas,      Aber- 
deenshire, 

254 

20    „ 

Between     the     Frisian 
Islands     Juist     and 
Borkum,  Germany, 

353 

lie 

i 

27    „ 

S 

29 

Moray  Firth,  10  mUesN. 
ef  Scar  Nose, 

255 

30  Mar. 

Pennan  Harbour,  Aber- 
deenshire, 

16 

4     1 

I 

« 

• 

. 

256 

5  April 

Broadsea,  Fraserburgh, 

21 

0     1 

• 

• 

• 

. 

257 

6    „ 

300  yards  W.  of  BitMid- 
sea,  Fraserburgh, 

21 

10    1 

• 

• 

• 

•           .            • 

258 

6  Sept. 

300  yards  W.  of  Garden- 
stown, 

20 

1C2     1 

22  April 

4 

• 

26  miles  B.  of  Lerwick, 
Shetland, 

259 

23  Aug. 

Klltmoeller,  3  miles  S. 
of  Hanstholm,  Den- 
mark, 

357 

123     ' 

260 

29  Sept. 

Drifting  near  Bolaeren 
Island,     Chiistlanhi- 
f  jord,  about  12  miles 
within  Faerder  light- 
house, 

455 

ICO 

1 

IMay 

4 

12  miles  8.E.  of   Ler- 
wick, 

• 

• 

. 

• 

i 
1 

1«       M 

16 

12mUesN.N.E.ofTrottp 
Head,                      ^ 

. 

, 

.       1 

n      ti 

14 

12^  miles  N.E.  of  Ein- 
nah^Head, 

261 

9  Aug.  *96 

3  miles  S.  of  Seaham 
Hart>our,  Duiiiam, 

188 

•  1      »» 

14 

ISmilesS.E.  of  Buchan- 
ness. 

262 

8        M 

Speeton,    near    Flam- 
borough  Head,  Yorits, 

198 

"1 

»»         M 

14 

11  miles  S.E.  of  Girdle- 
ness,  Aberdeenshire, 

263 

13  June 

Dunbar,     Haddtagton- 
shlre. 

67 

1 
28     1 

1 

• 

• 

• 

264 

26    „ 

Belhaven     Bay,     near 
Dunbar, 

68 

41     1 

l»         »l 

14 

llmllesS.E.  of  Scnidy 
Ness,  Forfarshire, 

• 

•  •        1            • 

• 

1 

n      „ 

14 

3   miles   S.E.    of    Bell 
Rock, 

265 

3  June  '96 

Sand  Bay,  Coldtagham, 
Ben*ick«hire, 

38 

18     1 

• 

• 

•            •            1 

266 

8    „ 

Dunstanborou^  Castle, 
Northumberland, 

64 

23     1 

• 

• 

•            .            1 

267 

11    „ 

Newton -by -the -Sea, 
ChathiU,     Nortlium- 
berland. 

62 

26 

• 

• 

• 

•           •           • 

268 

26    „ 

3  mUes  N.  of  Berwlck- 
on-Tweed, 

45 

41 

•     ' 

• 

• 

269 

5  July 

Bummouth,  Ayton,  Ber- 
wickshire, 

43 

50     ] 

• 

• 

•           • 

270 

15    » 

4  miles  S.  of  Berwlck- 
on-Tweed, 

47 

60     1 

16  Mar 

9 

4J  miles  N.E.  of  May 
Isle, 

271 

5  Jtme 

i miles,  of  Holy  Island, 
Northumberland, 

S9 

20 

• 

• 

'. 

272 

8    n 

i  mUc  N.  of  River  Wear. 
Sunderland, 

87 

S3 

• 

• 

•           •           . 

273 

10    „ 

North  Sands,  Hartlepool, 

99 

25 

• 

, 

•           •           • 

274 

21 ;; 

Blackball  Rocks,  Quar- 
rington  HUl,  Durham, 

^ 

llJo^e 

• 

25 

20mile8B.S.E.of  May 
Isle, 

275 

16  Aug. 

Robin  Hood  Bay,  near 
Whltby, 

118 

C6 

•  llMt  tern  •tralght  Use  between  the  two  pointi, 
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Date  and  Position  where  set  Adrift. 

I^ate  and  PosiUon  where  ReeoTored. 

Time 

No. 

Distance 

travelled 

In  Geog.* 

Milea. 

betiveen 
setting 
away 

andRe- 
cbrery 

in  Days. 

Date. 

Number 

of 
Bottles. 

Number 

of 

Wooden 

Slips. 

Position. 

Date. 

Position. 

Date. 

11  Jane 

• 

80     ■ 

ISmUes  E.S.E.  of  May 
Isle, 

• 

• 

•          •           • 

• 

• 

1 

. 

20 

16  railes.  E.S.E.  of  May 
Isle, 

■           •           • 

276 

25  June  '96 

Anstruther,  Fife, , 

22 

1.4 

' 

, 

277 

10  Aug. 

Thomwlck  Bay,  Flam- 

183 

60 

1 

boi-ough,  yorks, 

• 

1 
1 

• 

• 

•           t           • 

278 

11    „ 

Runswick  Bay,  Yorks, 

• 

62 

1  . 

• 

20 

14  miles  E.S.E.  of  May 
Isle, 

• 

• 

*           *           • 

• 

• 

(   "     " 

• 

20 

12  miles  E.S.E.  of  May 

Isle, 

279 

26  Aug. '96 

Picked  up  at  sea,  about 
82   miles    E.S.E.    of 
Flamborough    Head, 
Yorks, 

156 

76 

>»      n 

20 

10  miles  E.S.E.  of  May 
Isle, 

• 

• 

*          •          • 

• 

• 

( 

20 

8  miles  E.S.E.  of  May 
Isle, 

280 

17  June '96 

EUe  Harbour,  Fife,       . 

16i 

6 

20 

6  miles  E.S.E.  of  May 
Isle, 

281 

17  July 

2  miles  from  Saltbum, 
near  Middlesborough, 

108  '. 

86 

1 

282 

22    „ 

8  miles  S.E.  of  Redcor, 
Yorks, 

109 

89 

22Jul3U 

2  miles   N.E.  of  May 
Isle, 

283 

80    „ 

Near  Kingsbams,  Fife, 

«i 

8 

• 

284 

M         », 

Adrift  in   sea,  1  mile 
£.N.£.ofCellardyke, 
Fife, 

4 

8 
11 

, 

^ 

285 

2  Aug. 

Leven,  Fife,  . 

16 

li 

1 

^ 

286 

8  .7 

Scougball,  Prestonklrk, 

12 

Haddingtonshire,      . 

• 

. 

287 

8    „ 

Cambo,    near    Kings- 
bams, Fife, 

7  \ 

17 

288 

E.  of  N.  Berwick,         . 
Cambo,    near    Kings- 

Hi 

17 

•           •           • 

289 

'»    " 

7 

18 

1 

barns,  Fife, 

290 

E.  side  of  N.  Berwick,  . 

Hi 

1.8 

• 

•           •           • 

291 

tt  ;; 

li  miles  E.  of  N.  Ber- 
wick, 

11 

19 

^ 

292 

12    „ 

Fifeness, 

4 

21 

• 

•           •           • 

298 

15 ;, 

St  Andrews,  Fife, 

Hi 

2* 

.22  July 

i  S.E.  of  BeU  Rock,      . 

294 

2    „ 

CarpUe,  near  Anstruther, 
Fife, 

17 

n 

1 

. 

295 

8    .. 

Between   EUe  and  St 

19 

1? 

Monance,  Fife, 

. 

• 

•           •           • 

296 

9     M 

TantaUon  CasUe,  near 
N.Berwick, 

241 

1? 

. 

• 

•           •           • 

297 

»     II 

1   mile  N.   of   Kings- 
bams,  Fife, 

HI 

18 

298 

10    „ 

North  Berwick,    . 

25 

10 

t       '     , 

• 

*       ! 

299 

11 

Aberlady  Bay,      . 

80 

20 

•       •       • 

800 

12 

W.  side  of  May  Isle,     . 

M 

21 

^ 

^ 

301 

18 ;, 

Castleton  Farm,  North 

22 

* 

Berwick, 

^ 

^ 

302 

ISept 

Kih-enny,  Anstrother,  . 

17 

40 

• 

• 

\       \       \ 

803 

87 

1  mUe  E.  of  Ciall, 

19 

42 

22  July 

15 

10  miles  S.E.  of  Scurdy 
Ness,  Forfarshire, 

304 

2  Aug. 

Carplie,  near  Anstruther, 

82, 

11 

• 

. 

. 

305 

4    ., 

Kingsbams,  Fife, 

35 

13 

22  July 

1 

n 

10|   mlk0    S.E.    from 
Berrle,     Kincardlnfr- 
shire, 

806 

17    » 

Holy  Island,  Northum- 
berland, 

68 

26 

! 

15 

6  miles  S.E.  of  Glrdl©- 

807 

7  Not. 

Vangsoa,  HlUersler,  near 
Thlsted,  Deamark, 

850 

100 

*  That  is  a  straight  line  between  the  two  polntfl 
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1 

Date  and  PoeiUon  where  set  Adilf  t 

Date  and  Position  where  Recovered. 

Time 

No. 

Distance 
irarelled 
inGeog. 

between 

setting 

away 

and  Re- 

Number 

Number 

of 

Wooden 

SUps. 

Date. 

of 
Bottles. 

Position. 

Date. 

Position. 

Milea.* 

covery 
in  Days. 

189«. 

22  July 

10. 

15   . 

4mUe8S.E..of  Buchan  • 
Ness,  Aberdeenshire, 

308 

2»July'96 

Picked   up  at  sea,  24 
miles  S£.  by  E.  of 
Abenleen, 

3f 

7 

• 

• 

• 

309 

lAug. 

Piclced   up  at  sea,  16 
miles  S.E.  of  Aber- 
deen, 

94 

9 

• 

• 

310 

SSept. 

King    Edward's    Bay, 
Tyaemouth,     North- 
umberland, 

142 

49 

• 

•     • 

/                      4                     . 

311 

10    „ 

Whitley -by -the -Sea, 
Northumberland. 

141 

61 

• 

• 

. 

312 

1«    ,. 

Newshara,    by    Blyth, 
Northumberland, 

134 

67 

23  July 

10 

16 

8  miles  N.N.  E.  of  Troup 
Head.  Banffshire, 

313 

26  July 

Rattray    Head,    Aber- 
deenshire, 

19 

4 

, 

, 

. 

•             .             • 

314 

28    „ 

26 

6 

. 

•     ■ 

.. 

316 

28  Aug. 

4  mUes  N.  of  Peterhead, 

22 

82 

22  July 

10 

18 

8  miles  N.N. E.  of  Scar- 
nose     Point,    Banff- 
shire, 

816 

24  July 

Near  Macduff,    Banff- 
shire, 

14 

2 

^ 

^ 

817 

^    >* 

Pennan,  Aberdeenshire, 

18 

6 

818 

SD^L 

Picked  up  at  sea,  Lat 
64"  35'  N.,  long.  1'  20* 
E.T-about  66    miles 
N.E.     by    E.    from 
Spurn   Light,  York- 
shire, 

948 

134 

22Ja]y 

10 

< 

7  miles  N.N.  E  of  Lossie- 
mouth, Elglnslilre, 

819 

26  July 

Between  Pbrtessle  and 
Flndochty,  Banffshire, 

11 

4 

, 

, 

. 

820 

28    „ 

Cnllen,  Banffshire, 

18 

6    , 

, 

, 

. 

321 

ImlleW.ofvWhitchlUs, 

18  . 

6    ' 

, 

, 

•            •            . 

322 

22  0rt. 

2  mll^       „ 

17 

92 

• 

• 

. 

328 

7  Dec      . 

Head  of  Bosta  Voe,  la 
Yell,  Shethind, 

188 

22  July 

20 

Smiles E.S.E.  of  Tarbet 
Ness,  Cromarty, 

824 

27  July      . 

W.  of  Bnrghead,  Elgin- 
shire, 

18  - 

6 

• 

• 

•           •           • 

326 
326 

>i    11 

Elglnshlroi 

14 

14 

6 

6 

, 

, 

. 

327 

«*    It 

E.  side  of  Burghcad',     . 

13  . 

6 

. 

. 

828 
829 

II    II 

Near.    Coresea    Light- 
house, Elginshire, 

At  Coresea  Lighthouse, 
Elginshire, 

14 
14 

6 
6 

* 

. 

330 

29    „ 

N                  if                 II 

14 

7 

331 

11         II         II 

14 

7 

• 

. 

332 

»f     »» 

2  mUes  E.  of  Covesea 
Lighthouse,     Elgin- 
shire, 

18 

7 

• 

. 

333 

6  Aug. 

Between  Port  Gordon 
and    Buckie,    BanfC- 
shlre. 

21 

15 

• 

• 

334 

17    „ 

Bearshead,  near  LoasiA- 
mouth,  Elginshire,   . 

16 

26 

• 

. 

336 

16  Aug. 

1  mUe  S.W.  of  Burgh- 
head, 
E.  of   Covcwa    Light. 

18 

26 

336 

26  Sept.      '. 

14 

66 

house,  Elginshire, 

80  July 

lA 

Lat.  61*  491'  N.,  long. 
0'48'W., 

337 

12    „ 

Ayrwick,    East     Yell, 
SheUand,  . 

• 

44 

• 

* 

• 

. 

338 

14    „ 

Tresta     Bay,     Fetlar, 
Shetland, 

91 

46 

, 

^ 

Lat.  «!•  46'  N.,  long. 

339 

14    „ 

*»        II         If 

91 

46 

O'C^W., 

30  July 

5 

•           •           • 

• 

• 

«o  „ 

10 

Lat.   er   r   N.,  long. 

r  ly  w., 

310 

4  Dec '96 

East  Quarff,  6  miles  & 
of  Shetland,  Lerwkk, 

108 

13C 

*  That  is  a  straight  line  between  the  two  pclnts. 
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Dale  and  Position  wliere  set  Adrift 

Date  and  Position  where  Recovered. 

Time 

No. 

l>i>tance 
traveUed 
inGeog. 

between 

setting 

away 

and  Re- 

Knniber 

Numlwr 

of 
Wooden 

Date. 

of 

Position. 

Date. 

Position. 

Miles.* 

covery 

Bottles. 

Slips. 

hiDa:s. 

1806. 
lAag. 

10 

10 

Lat,    60*   y  N.,    long. 
5'  48'  W., 

Ul 

9Scpt'»6 

Steroblstcr-  Beach,    St 
Andrews  Castle,  Ork- 

118 

40 

. 

. 

312 

28    ,. 

Wcsrhurra  Firth,  Voe, 
Althstring,  Shetland, 

124 

59 

nz 

24  Nov. 

Aikemess,       Westray, 

94 

116 

Orliney, 

. 

. 

.144 

22  Dec. 

Cruden  Bay,  Aberdeen- 
shire, 

Houu,  Burra  Isle,  Shet- 
hind, 

204 

144 

. 

• 

. 

::15 

2  Feb.  '97 

206 

144 

4  Aug. 

15 

15 

Lat.  6r  IRi'  N.,  long. 

346 

25  Aug.  '96 

Stcnness,    near    Hills- 

116 

21 

4'2U'W', 

wick,  Northmavine,, 
Shethmd. 

6  Aug. 

30 

20 

Lat.  60°  88i'  N.,  long.  S47 

27    „ 

Colllster,  Westing,  Unst, 

188 

22 

. 

.■ 

5'35i'W., 
.             .             .          34H 

29    M 

Kirk   Goe,  West  Tell, 
Shethmd, 

134 

25 

• 

• 

i 

81    „ 

Near    Brongh    Lodge, 
FeUar,  Shetland, 

147 

26 

'  • 

•" 

'.            '.             .       •  '3.W 

4  Sept 

Ness  of   Sound,  West 
Yell,  Shetland, 

147 

80 

• 

• 

851 

7    ., 

Ronasvoe,  Heylor,  under 
Lerwick, 

124 

33 

• 

• 

352 

24  Feb.  '97 

Sorsmolen,      Romsdal, 
Norway, 

• 

203 

6  Aug. 

20 

20- 

Lah    60»   r   N.,   long.    358 
7'  4'  W., 

38  Nov.  '06 

Kvfinvser,  Hitteren,  S. 
Trondhciin,  Noi-way, 

510 

116 

^ 

.854 

»i    It 

N.  side  of  GJoring  Island, 

116 

near  Kolvreid,  Nam- 

dallen,  Norway, 

• 

•' 

•   • 

•• 

355 

11  Dec. 

Aifhs  Bank  Beach,  Fct- 
Uir,  Shetland, 

202 

127 

• 

• 

'.'..• 

356 

21    t. 

OtterHwick,  East  Yell, 
Shetland 

199 

187 

• 

• 

• 

. 

«7 

8    1, 

KramsUen,  S.  Sondmftre, 
Norway, 

111 

7  Aug. 

20 

20 

Utt   69'  48*  N.,   !ong. 

7°  r  w., 

358 

H    ., 

BoddamVoc,  Dunrofis- 
ncss,  Shetland, 

126 

• 

• 

■ 

Mwem  May  hU  and 
Hamburg, 

359 

6    ,t 

Gulhcrwlck,  near  Ler- 
wick, Shetland, 

195 

121 

16  Aug. 

25 
20 

13  miles  S.E.  by  E.  of 
May  Isle, 

20  miles       „ 

* 

.           .           . 

: 

i«    tt 

15 

30  miles       „ 

360 

11  Sep  t.  '6 

Blyth,  Northumberland, 

72 

27 

»«    >i 

15 

50  miles       „         „ 

. 

. 

. 

• 

16    „ 

it      »1 

5 
5 

70  miles       „         *, 
100  miles     „         „ 

• 

•• 

•' 

.• 

It      fi 

5 

130  miles     ,, 

861 

6  Not.  '96 

Alger»en,  west  of  Ber- 
gen, Norway, 

880 

82 

»»      »i 

15 

150  miles     „ 

362 

IDec. 

Rorvikvaag,         Vigra, 
Aalesund,  Norway, 

480 

107 

M        »» 

5 

200  miles     „         „ 

863 
64 

21  Oct 

Not. 

10  miles  B.  of  Arendal, 
Norway, 

Malmon  Isle,  Lysekil, 
Sweden, 

296 

.66 

«  That  Is  a  straight  line  between  the  two  points. 
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Date  and  PosiUon  where  set  Adrift 

Dat«  and  Position  where  Kocovered. 

1 
Urae 

Distance 
travelled 
in  Geog. 
MUes.* 

between 

Date. 

Number 

of 
Bottles. 

Number 

of 

Wooden 

Slips. 

Position. 

No. 

Date. 

Position. 

setting 
away    ( 
andltc- 

inDays. 

1896, 

* 

• 

•           •           • 

365 

4  Mar.  '97 

Ramer  Island,  9  miles 
E.  of  Christiansand, 
Norway, 

• 

200 

16  Aug. 

5 

15 

250  miles  S.E.  by  E.  of 
May  Isle, 

366 

15  Nov.  '96 

LyngiJen,  near  Bergen, 
Norway, 

358 

91 

6 

6 

800  miles     „ 

Betvem  May  Isle  and 
the  Nate  of  Norway. 

367 

29  Sept. 

S.E.  side  of  Chrlstianla 
F;jord,  on  the  Island 
Spjosr  Hvaler, 

335 

44 

21   „ 

35 

10  miles  E.  i  S.  of  May 
Isle, 

368     11     „ 

Drurldge  Bay,    North- 
umberland, 

67 

21 

•    . 

• 

•            •            • 

369 

13    „ 

Bamborough       Castle, 
Northumberland, 

42 

23 

If    i» 

20 

W)  miles      „ 

. 

. 

•           •           • 

. 

. 

%t    *i 

15 

30  naica       „         „ 

. 

. 

• 

. 

. 

,.     „ 

15 

50  miles       „ 

370 

39  Jan.  '97 

6  miles  S.  of  Holy  Island, 
Northumberland, 

52 

161 

It    ti 

5 

70  miles       „ 

. 

• 

•            •            • 

• 

• 

H        M 

5 

100  miles     „ 

. 

. 

•            •            • 

. 

.      ' 

tl       «f 

5 

ISOmUes     „ 

371 

18  Jan.  '97 

Yclmcsften,  W.  Lofoten, 
Norway, 

740 

150     1 

i 

11        1* 

15 

150  miles     „ 

. 

• 

•           •           • 

• 

If       II 

5 

300  miles     „ 

. 

. 

•           •           • 

. 

It        *t 

15 

350  miles     „         „ 

372 

16  Oct  '96 

Bommoloen,  S.  Bergen- 
hus,  Norway, 

143 

65 

2S    „ 

5 

800  mUes     „         „ 

. 

. 

. 

. 

. 

iftOct 

• 

15 

3   miles  N.E.  of   Bell 
Rock, 

373 

874 
375 
876 
877 
378 
879 

17  Oct  '96 

20  „ 

21  !,' 

11  Nov. 
16    „ 
15  Dec 

Broad   Sands,  near  N. 

Berwick, 
2  miles  E.  of  Dunbar,  . 

Bclhaven,  Dunbar, 
East  Links,  Dunbar,    . 
E.  side  of  May  Isle,       . 
Gullane  Bay,  Firth  of 
Forth, 

27 

28 
23 
28 
27 
18 
82 

4 

7 
7 

8 
20 
34 

18  Oct. 

15 

5  miles  S  E.  of  Scurdy 
Nesfl,  Forfarshire, 

880 

20  Oct 

North  Berwick,    . 

89 

7 

»»     i» 

• 

15 

4  miles  S.E.  of  Stone- 
haven, 

381 
882 

30    „ 
3  Nor. 

Between  GoRwick   and 
Holy     Island,    Nor- 
thumberland, 

Hartlepool,  Durham, 

72 
183 

17 
21 

• 

• 

•           •           • 

883 

6  Feb.  '97 

Seaham  Harbour,  Dur- 
ham, 

127 

116 

13  Oct 

16 

5  miles  S.E.  of  Girdle- 
ness,  Aberdeenshire, 

884 

22  Jan. 

Wliitby,  Yorkshli-e, 

172 

100 

M    „ 

15 

4  miles  S.E.  of  Buch.m 
Ness,  Aberdeenshire, 

385 
386 
387 

18  Oct  '96 
20    „ 

Sands  of  Cruden,  Aber- 
deenshire, 

Sands  of  Crnden,  Aber- 
deenshh'e, 

Sands  of  Cruden,  Aber- 
deenshire, 

6 
5 
5 

4 

(i 
6 

•  That  is  a  straight  line  between  the  two  points. 
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Date  and  PoalUon  where  set  Adrift. 

Date  and  Position  where  Recovered. 

Time 

N'm. 

Distance 
travelled 
in  Geog. 
Milea.* 

between 
setting 
away 
and  Re- 
covery 
In  Days. 

Date. 

Number 

of 
Bottles. 

Number 

of 
Wooden 

sups. 

Posllion. 

Date. 

Position. 

1896. 

• 

• 

888 
389 
300 

20  Oct  '96 
24  Jan.  '97 
7  Feb. 

Sands  of  Cruden,  Aber- 
deenshire, 

Marskle-by-the-Sea, 
Northumberland, 

Blytii,  Nortiiuraberland, 

5 
125 
184 

102 

116 

14  Oct 

15 

Smitli  Bank, 

.  '391 
392 

3i>.n 

394 

20  Oct  '96 
22  Nov. 

Sandend,  near  Portsoy, 

Banffshire, 
Whitehllls,  near  Banff, 

1  mile  E.  of  Fortaoy, 
Banltshlre, 

28 

82 
32 
29 

6 

7 
8 
8 

14  Oct 

10 

Smith  Banlc, 

.|396 
|396 

20  Oct 
22    „ 

1  mile  W.  of  Gardens- 

toTrn,  Banffshire, 
Troup  Head,  Gamrle,  . 

30 
3i 

6 

8 

14  Oct 

10 

Smith  Bank, 

.  '397 

!398 
390 

20    „ 
11  Nov. 
22  Jan.  '97 

W.  side  of  Buckie,  Banff- 

shi.-e, 
}  mile  E.  of  Flndochty, 

Banff.shlre, 
Findochty,  Banffshire, 

29 
29 
29 

6 

28 

• 

99 

15  Oct 

• 

Smith  Bank, 

•           •           • 

4  0 
401 
4«'2 

403 
404 

26  Oct  '96 
28    „ 
1  Nov. 

7  Doc. 
12    .. 

Whitehllls,  near  Banff, 
1  mile  W.  of  Banff,       . 
J  mile  W.  of  Kluuaird 

Head, 
Macduff,  Banffshire,    . 
Banff,    .... 

32 
32 
87 

33 
84 

11 
13 
16 

53 
58 

15  Oct 

10 

• 

SmiUi  Bank, 

•  •            • 

•  • 

405 

406 

4iJ 

20  Oct 
20    „ 

W.  end  of  Buckie,  Banff- 
shire, 
Cullen,  Banffshire, 
Fiudochty,     „ 

29 

80 
29 

5 

7 
5 

Between  May  /.*Jand  and 
JIainburg. 

1 

1 

18  Oct 

I 

1    . 
i     • 

25 

20  miles  S.E.  by  S. 
May  Isle, 

of 

408 

409 
410 
411 

91  Oct  '96 
2*     n 

Ro8s  Sands,  near   Old 
Law,      Northumbi.r- 
Und, 

7  miles  S.  of  Berwlck- 
on-Tweed, 

7  miles  S.  of  Benrick- 
on-Tweed, 

Sands     at     Bambnrgh 
Castle,  Northumber- 
land, 

28 

19 
19 
25 

4    ! 
1 

4 

4 
6 

18  Oct 

1 

25 

30  miles  S.E.  by  E. 
May  Ible, 

of 

412 

8  Nov. 

i  mUe  N.  of  Staithet, 
Yorkshire, 

84 

16 

„         M 

15 

50  miles  S.E.  by  E. 
May  Isle, 

of 

418 

I        M 

South  Bay,  Scarborough , 

Yorks, 
South  Bay,  Scarborough, 

Yorks, 
Nortb  Bay,  Scarborougli, 

Yorks, 
Whitby,  Yorkshire,      . 

98 

14 

j 

• 

414 
415 

2    „ 

98 
92 

14 
15 

1                . 

. 

416 

11    »i 

83 

15 

18  Oct. 

16 

70  miles  S.E.  by  E. 
May  Isle, 

of 

417 

24  Jan.  '97 

Cresswell,        Morpeth, 
Northumberland, 

• 

99 

1 

1 

10 

20 

100  miles  S.E.  by  E 
May  Isle, 

of 

. 

• 

»»     »» 

10 

180  miles  S.E.  by  E 
May  Isle, 

of 

418 

28  Jan. '97 

Newton -by.  the  Sea, 
Chaihill,   Northum- 
berland, 

• 

96 

M      n 

15 

160  miles  S.E.  by  E.  of 
May  Isle, 

• 

. 

• 

• 

*  That  it  a  straight  line  between  the  two  polnta. 
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Table  showing  Partictulars  of  Driftbrs— con^mw^f. 


Date  and  Portion  where  set  Adrift. 

Date  and  Posltton  wlierc  Recovered. 

1 

Thne 

No. 

Distance 
travelled 
inOeog. 
MUes." 

»e  Ung 
away 
and  Re- 
covery . 
in  Day 'i. 

Date. 

Kumber 

of 
BottJea. 

dumber 

of 

WToodcn 

SUps. 

Posllion. 

Date. 

PoslUon. 

1896. 
18  Oct. 

5 
ft 

10 
15 

200  miles  S.E.  by  E.  of 
May  Iblc, 

25 »  mi'cs  S.E.  by  E.  of 
May  Lie, 

410 

7  Dec.  '96 

Brontfht  up  in  trawl-net, 
In.Uf.  54'  SO'  N.,  100 
milfes   E.  ^y    N.    of 
Spurn    Point,    York- 

85 

50 

1 
•     ! 

f»    i» 

A 

10 

800  miles  S.E.  by  E.  of 
May  Isle, 

Between  Me  of  May  and 
the  Nate  of  Norway. 

! 

1 

) 

23  Oct 

5 

26 

50  miles  E.  \  S.  of  May 
Isle, 

420 

24  Jan. '97 

Rnkor,Monkwearmoatli, 
Sunderland, 

• 

•      ■ 

• 

. 

• 

. 

421 

„    „ 

SoutU  Shield^, 

87 

98 

»♦    »> 

5 

15 

75  mUcs  E.  i  S.  of  May 
Isle, 

• 

• 

• 

; 

t*    i» 

10 

25 

100  miles  E.  i  S.  of  May 
Isle, 

• 

. 

• 

i 

b 

10 

180  miles  E.  \  S.  of  May 
Isle, 

• 

. 

• 

• 

1 

20 

Orkney,     midway    be- 
tween Coplnsay  Isle 
and  Holm  Sound, 

422 
423 

19  Nov. '96 
28    „ 

E.  end  of  Biirray  Isle 
(on  the  N. -side  of  tlie 
Point  of  the   Ncsm), 
Orkney, 

E.  end  of  Burray  Isle 
(on  the  N.  ^ide  of  the 
Point  of   the   Ness), 
Orkney, 

i  mile  S.  of  Black  Crafg, 
Hoy  Sound,  Orkney, 

4 
4 

21 

90 

1 

31  Oct. 

• 

10 

4  miles  E.S.E.  of  Sulc 
Skcn-y,      west       of 
Orkney, 

424 

«    „ 

83 

6     1 

3  Not. 

. 

425 
426 

9  Nov.  '96 
H    „ 

I?aclcwlck,  Hoy,  Orkney, 

Jerlaiid  Shore,  Stcnness, 
Orkney, 

Hoxay  Head,  S.  Ronald- 
shay,  Orkney, 

Stcnness,  Orkney, 

84 
82 

6 

11 

. 

427 
428 

4  Jan.  '97 
4  Mar. 

48 
32 

63 
124 

3  Nov. 
3  Nov. 

' 

10 
10 

8  miles  S.E.  of  Start 
Point,  Orkney, 

4  mUes  S.W  of  Fair  Isle, 

Between  Leith  and  the 
Hook  of  UvUandy 

420 
430 
431 

14  Dec.  '96 

11    i» 
22    „ 

N.  end  Whalsey  Island, 

Shetland. 
Air  of  Clicklmln,  near 

Lerwick,  Shet  and, 
Neap,    Noith    Nesting, 

Shetland, 

80 
66 

41 
41 
49 

1  Nov. 

10    ' 

47    miles   E.    i   S.    of 
Gilmsby, 

432 

483 
434 
485 
436 

29  Nov.  '96 
11     It 

It    II 

11    11 

lOOyai-ds  S.  of  WIntcrton 

Lighthouse,  near  Great 

Yarmouth, 
Hemsby    Bearh,    near 

Gt.  Yarmouth, 
Whiterton,   near   Great 

Yarmouth, 
WUitert«)n,   near    Great 

Yarmouth, 
Newport,     near    Great 

Yarmouth. 

59 

64 
59 
59 
63 

28 

28 
28 
28 
28 

*  That  is  a  straight  line  between  Uie  two  points. 
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Tablb  showing  Particulars  op  Drifters — continued. 


Date  and  PoBltion  where  set  Adrift. 

Dat«  and  Position  where  Recovei*ed.  | 

Time 

No. 

Dbtance 

travelled 

In  Geng. 

Ailles.* 

between 
setting 
a  way 

and  Re- 
covery 

In  Days. 

Date. 

Numbir 

of 
Bottles. 

Number 

of 

Wooden 

Slips. 

Position. 

Date. 

Position. 

1896. 

• 

. 

437 
4-8 
439 

29  Nov.  96 

Between  Yarmouth  and 

Lowestoft, 
Hasbro  beach,  E.  C.iast 

Norfolk, 
Waxhnm,  Sea  Palling, 

Stalhain,  Norfolk, 

67 
70 
71 

2:) 
23 
20 

INOT. 

10 
10 

46  miles  N.K  by  K.  ^  E. 
uf  Crunter,  Xoriolk, 

57  mll^s  E.  i  S.  of  Ci  onu'.r, 

440 

"    " 

f  mile  S.  of  Wintcrton 

50 

29 

««    " 

8 

10 
10 

57  miles  K.  by  X.  \  E  of 
Luwe&toft, 

37  mlloH  N.   ly  W.  of 
Schcvenlngeu,  Holland, 

: 

. 

»»    »» 

20 

24  miles  N.  by  W.  of 
Schevcnlngen, 

. 

3        M 

6 

5  miles  N.E.  by  E.  of 
Sinnb  r^li  Head,  Shet- 
land, 

441 

9  Nov.  '96 

>tNhiiansSnnd,  BIgton 
by  Levenwick,  Dun- 
rossness,  Shetland, 

7 

i«     »i 

6 

8  mil  «  X.E.  by  N.  of 
Full-  l»lc, 

442 

6  Mar.  '97 

Morkcnaes,      Lofotens, 
Nwwny,   • 
Lat.  6b'  8'  15"  N., 

715 

121 

12    „ 

5 

7   miles  N  E.   of  Nohs 
Head,  Bressay, 

1*    .* 

6 

2  miles  X.N.E.  of  Noss 
Head, 

Between  May  Isle  atid  the 
yate  of  Norway. 

ff    .. 

25 

lu 

10  miles  E.  |  S.  of  May 
Isle, 

ISOniiesE.  iS.of  May 
Isle, 

;  :  : 

15 

ISOmlfsE.  iS.of  May 
Isle, 

443 

4  Mnr.  '97 

Kaigvag,  Suicn,  Sogne 
Fjord,  Norway, 

275 

113 

.,     „ 

10 

•^00  miles  E.  iS.ofMay 
Isle, 

• 

7         M 

15 

10 

250  miles  E.  JS.  of  May 
Isle, 

800  miles  E.iS.o   May 
Isle, 

Between  the  hie  of  May 
and  Hamburg. 

444 

•?2  Feb. 

Troen-n,  Nordland,  Nor- 
way, 

620 

108 

2a  Dec. 

20 

60  miles  from  May  Isle, 

24    „ 

»»      n 

20" 
20 
20 
20 

100        „        „        „ 

200 

•-'60 

1^00        „        „        „ 

. 

n      n 

20 

350        

(abont  24  miles  W.  of 
Hellgo'jind) 

445 

5  Jan. 

The  Horn,  Denmark, 

80 

16 

*  That  Is  a  straight  line  between  the  two  points. 
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Table  showing  Particulars  of  Drifters — continued. 


Date  and  PosiUon  where  set  Adri/t 

Date  a  nd  Poltion  where  Recovered. 

Time 

Distance 
travelled 

betwero 
setting 

) 

___ 

Date. 

>iutnber 

of 
Bottles. 

Number 

Wooden 
Slips. 

Position. 

No, 

Date. 

PosiUon. 

InGeog. 
Milcs.^ 

1 

away 
and  Re- 
covery 
in  Days. 

lirttrtun  the  fsle  of  May 

1 

and  tha  Sazt  of  Xor- 

•20  Dec. 

%toy. 

20 

• 

30  miles  E.  of  May  Isle, 

. 

. 

. 

• 

1.        M 

20 

. 

100        „ 

. 

• 

• 

»»        »» 

20 

1^0 

. 

,     • 

. 

. 

•-J6    ., 

20 

200 

446 

20  Feb.  '97 

Sulen   Island,  N.  Ber- 
genhus,  Norway, 

850 

66 

. 

. 

447 

»»     »» 

Blomvaaff,  near  Bergen, 

Norway, 
SkudensBS,  Norway, 

187 

66 

44S 

„ 

126 

56 

• 

• 

449 

2^     i, 

WesnoDs      Liphthouse, 
near  Stavanger,  Nor- 

140 

61 

. 

4,-H) 

26     „ 

way, 
4  miles  N.  ftrom  Sta  van  gcr, 
Norway, 

146 

62 

. 

4.>1 

.,          M 

Jottleren,  near  StaTan- 
jter,  Norway, 

188 

62 

• 

•             •            • 

452 

«7     », 

1  mile  S.S.E.  from  Tan- 
anger,  Stavanger,  Nor- 

Golten,  6  miles  S.W.  of 

189 

68 

453 

38     „ 

182 

64 

• 

Bergen,  Norway, 
Sundervig,  near   Eger- 
sund,  Norway, 

1             •             • 

4M 

8  Mar. 

115 

67 

' 

26  Dec. 

20 

* 

250  miles  E.  of  May  Isle, 

455 

45« 
467 
458 

IJan. 

»»     »» 
3     t, 

Sele,    near    Stavanger, 
Norway, 

II                       II 
11                       11 

85 

87 
87 
85 

6 

6 
6 

7 

; 

459 

««     »» 

FjSrve,  Lister,  near  Far- 
sund,  Norway, 

78 

7 

. 

•     •     • 

460 

15  Feb. 

Hvidings8c,  near  Stav- 
anger, Norway, 

106 

51 

. 

. 

461 

11     M 

2  miles  W.  of  Korshavn, 
near  the  Naze,  Norway, 

86 

47 

• 

. 

462 

IS     ., 

Roth  Island,  near  Tan- 
anger,  Stavanger,  Nor- 
way, 

102 

49 

. 

. 

463 

19     ,. 

Stolmoe  Isle,  20  miles  S. 
of  Bergen,  Norway, 

55 

27  Dec. 

30 

300  miles  E.  of  May  Isle 

464 

20     „ 

near  Bremnos,  10  miles 

56 

(about  32  miles  W.  of 
the  Naze  of  Noi-wa>), 

S.  of  Bergen,  Norway, 

• 

• 

• 

. 

465 

M          M 

2  miles  S.  of  Obristad 
Lighthouse,  Jsederen, 
Norway, 

64 

58 

. 

• 

. 

466 

24     „ 

Rong,  HerlB  parish,  near 
Bergen,  Norway, 

83 

60 

. 

. 

467 

26     „ 

2  miles  S.  of  Obrlstad, 
Jedercn,  Norway, 

64 

62 

• 

•            •            • 

468 
469 

II     II 
8  Mar. 

Rong.  HcTl5  parish,  near 
Bergen,  Norway, 

Ona   Lighthouse,    near 
Molde,  Norway, 

83 

62 
67 

1*8  Dec. 

10 

Off  Buchsn  Ness,  Aber- 

470 

24  Jan. 

Sandwick  Bay,  So.  Iton- 

, 

27 

deenshire, 

471 

18  Mar. 

aldshay,  Orkney, 
Cunningsburgh,     Shet- 
land, 

• 

87 

23  Dec. 

10 

OflT    Glrdleness,    Aber- 
deenshire, 

472 

9  Fob. 

Fraserburgh,  Aberdeen- 
shire, 

17 

48 

. 

. 

478 

17  Mar. 

1}  miles  west  of    „ 

17 

79 

28  Dec 

10 

OfT  Benrie,   Klncardln- 

474 

18  Jan. 

Grutha  Point,  Grimness, 

185 

16 

shire, 

South      Ronaldshay, 

Orkney, 

*  That  is  a  straight  line  between  the  two  points. 
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Table  showing  Particulars  op  Drifters — continued. 


Dfttc  aud  PoslUon  where  let  Adrl/t. 

Date  a  nd  Poltion  where  RecoTercd. 

Time 

No. 

Distance 
trareUed 
InGeof. 
Miles.* 

betwerti 
•ettinc 
away 

and  Re- 
covery 

Date. 

JHumber 
of 

Suniber 

of 
Wooden 

PoslUon. 

Date. 

Positioo. 

Bottles. 

Slips. 

in  Days. 

Bthcc^'n  the.  Ftie  of  bfay 

and  the  Naze  of  Nor- 

way. 

1896. 

•2.'>  Doc 
»i    »» 

20 
20 
20 

30  niilcs  E.  of  May  Isle, 
•00 

• 

. 

26    ,» 

20 

200        „        „ 

446 
447 

44R 

20  Feb.  '97 

Snlen   Island,  N.  Ber- 
genhus,  Norway, 

Blomvaai;,  near  Bergen, 
Norway, 

Skudenses,  Norway, 

850 
187 
126 

66 
66 
66 

449 

25  ;,' 

WcOTCBs      Lighthouse, 
near  Stavanger,  Nor- 
way, 

140 

61 

450 

26     „ 

4  miles  N.  flrom  Stavanger, 
Norway, 

146 

62 

. 

451 

ti      »» 

Joederen,  near  Statan- 
ger,  Norway, 

138 

6:1 

• 

•            •            • 

4{»2 

37     „ 

1  mile  S.S.E.  from  Tan- 
anger,  Staranger,  Nor- 
way, 

139 

68 

• 

•            •            • 

453 

28     „ 

Goltcn,  6  miles  S.W.  of 
Bergen,  Norway, 

Sanderrlg,  near   Eger- 
sund,  Norway, 

182 

64 

•            •            • 

454 

8  Mar. 

115 

67 

26  Doc, 

20 

250mnesE.ofMayIsle, 

456 

IJan. 

Sele,    near    Staranger, 
Norway, 

85 

6 

456 

87 

6 

. 

467 

»     «» 

»» 

87 

6 

* 

•           •           • 

458 

*»    «t 

M                                                  1» 

85 

7 

* 

. 

459 

i»     »t 

FjSrve,  Lister,  near  Far- 
sund,  Norway, 

78 

7 

1    • 

• 

460 

15  Feb. 

HridlngsSc,  near  Star- 
anger,  Norway, 

106 

51 

1 

. 

461 

11     ,1 

2  miles  W.  of  Korsham, 
near  the  Naze,  Norway, 

86 

47 

• 

. 

462 

IS     .. 

Roih  Island,  near  Tan- 
anger,  Suvanger,  Nor- 
way, 

102 

49 

. 

463 

19     .. 

Stolmtte  Isle,  20  miles  S. 

56 

•27  Dec. 

20 

300  milcii  E.  of  May  Isle 
(about  32  miles  W.  of 
the  Naze  of  Norway), 

464 

20     „ 

near  Bremnos,  10  miles 
S.  of  Bergen,  Norway, 

66 

. 

465 

w    „ 

2  miles  S.  of  Obrfstad 
Lighthouse,  Jaederen, 
Norway, 

64 

58 

• 

. 

466 

24     „ 

Bong,  Hcrl5  parish,  near 
Bergen.  Noi-way, 

83 

60 

. 

• 

467 

26     „ 

2  miles  S.  of  Obristad, 
Jaederen,  Noi-way, 

64 

63 

, 

• 

•            •            • 

468 
469 

8  Mar. 

Rong,  Herie  parish,  near 
Bergen,  Norway, 

Ona   Lighthouse,    near 
Molde,  Norway, 

83 

62 
67 

-♦8  Dec. 

10 

Off  Buchan  Neas,  Aber- 

470 

24  Jan. 

Sandwick  Bay,  So.  Ron- 

, 

n 

deenshire, 

471 

18  Mar. 

aldshay,  Orkney, 
Cunn  ngsburgh,     Shet- 
land, 

87 

•23  Dec. 

10 

Off    Oirdleness,    Aber- 
deenshire, 

472 

9  Feb. 

Fraserbnrgh,  Aberdeen- 
shire, 

17 

43 

. 

• 

473 

17  Mar. 

14  miles  west  of    „ 

17 

79 

28  Dec 

10 

Off  Benrie,   Kincardin- 
shire, 

474 

18  Jan. 

Gmtha  Point,  Grimness, 
South      Ronaldshay, 

185 

16 

Orkney, 

*  That  Is  a  straight  line  between  the  two  points. 
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Table  showing  Particulars  op  Drifters — continued. 


Date  and  Position  where  set  Adrift 

Date  and  Position  where  Recovered. 

Time 

No. 

Distance 
travelled 
In  Geog. 
Miles/ 

between 
setting 
awny 
and  Re- 
covery 

Date. 

Number 

of 
Bottles. 

Number 

of 
Wooden 

Position. 

Date. 

Position. 

Slips. 

\ 

In  Days. 

•20  Dec. 

10 

Off  the  BeU  Rock  Light- 
house, 

476 

7  Jan.  '97 

3mllc8N.  ofPetwhead, 

46 

10 

476 

10 

4      „ 

47 

11 

20  Dec. 

la 

Off  the  Isle  of  May,      . 

477 

8    „ 

Bl-Mkdog  Rocks,  Aber- 
deenshire, 

66 

11 

^ 

. 

478 

t» 

66 

11 

• 

. 

479 

9     „ 

2  miles  N.  of  River  Don, 
Aberdeenshire, 

64 

13 

,           , 

• 

480 

0         M 

Moutii  of  Ytluui, 

68 

12 

• 

.     1      . 

. 

481 

18          M 

Bcthelvie,                  „ 

66 

20 

28  Dec. 

10 

8  miles  N.E.  by  N.  of 
Fair  Isle, 

483 

36  Feb. 

Sulcn  hlaiid,  Sognfjord, 
Norwav, 

• 

60 

' 

•            •            • 

483 

"    " 

Has.sclviken      Trondh- 
Jenisfjoi-d    (about   46 
Kilom.  from  Trondh- 
jem),  Norway, 

• 

60 

28  Dec. 

10 

10  miles  E.S.E.  of  N. 
Ronaldshay,  Orkney, 

• 

• 

. 

• 

• 

-'i>    ., 

•• 

30  miles  8.  by  YT.  of 
Copinsha  Isle,  Orkney, 

434 

6  Feb. 

IJrallesS.of  Collleston, 
Ellon,  Aberdeenshire, 

• 

39 

• 

• 

. 

485 

21    „ 

Start     Point,     Sanday, 
Orkney, 

• 

55 

29  Dec. 

10 

50  miles  S.   by  W.  of 
Copinsha  Isle,  Orkney, 

Beticem  Isle  of  May  and 

Hook  0/ Holland. 

486 

3    « 

Rattray  Head,  Aberdeen- 
shire, 

• 

36 

1897. 

I!  Jan. 

30 

63    miles    E.    ^    S.    of 
Orimsby, 

487 

15  Jan. 

3i    n.ilcs  S.   of    FUey, 
YorksliU-e, 

6S 

13 

• 

• 

. 

468 

..    1. 

3    mileti    N.    of    Flam- 
borough  Head, 

63 

13 

■i  Jan. 

• 

30 

43  miles  N.E.  by  E.  of 
Cromer, 

489 
492 

24    „ 
2«    ',' 

SherlnRlmm.nearCromer, 

Norfolk, 
13  miles  W.  of        „ 

46 

48 
48 
48 

12 

21 
21 

2;j 

:}  Jan. 

30 

\ 

67  miles  E.   \  S.   from 
Cromer,  Norfolk, 

493 

23    „ 

Trimingham,  5  milejS.E. 
of  Cromer,  Not  folk, 

'•                      M                      If 

64 
64 

19 
19 

• 

• 

... 

495 

24     „ 

Cromer,  Norfolk, 

67 

21 

3  Jan. 

30 

.       1  61  miles  E.  by  N.  }  N. 

496 

23    „ 

Bacton,     N.    Walsham, 

61 

19 

1 

of  Lowestoft, 

497 

.,         M 

Norfolk 
Hasbro,  near  Stratham, 

Norfolk, 

60 

19 

3  Jan. 

SO 

S3  miles   N.   by  W.  of 

498 

20    „ 

California,    near   Great 

80 

17 

'      lluuk  uf  HolluiiU, 

Yarmouth,  Norfolk, 

• 

• 

. 

499 

"     •» 

.Gorleston,    near    Great 
Yarmouth,  Norfolk, 

8i 

17 

• 

. 

600 

21     „ 

Caistcr-on-Sea.  near  Ot. 
Y'armouth,  Norfolk, 

80 

IH 

• 

• 

501 

"     " 

Newport,     near     Great 
Yarmouth,  Norfolk, 

80 

IM 

• 

• 

• 

603 

u       «« 

8  miles  N.  of  Winterton, 
near  Great  Yarmouth, 
Norfolk, 

82 

18 

17  Jan. 

10 

60  miles  S.S.  W.of  Breaeay 
Light, 

100    miles     S.S.W.     of 
Bressay  Light, 

•     • 

. 

• 

*  That  Is  a  straight  line  between  the  two  pohits. 
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XIV.— NOTE    ON    THE    REPRODUCTIVE     ORGANS    OF    A 
HERMAPHRODITE  LING.     By  H.  K  Kyle,  M.A.,  B.Sc. 

Another  form  has  to  be  added  to  the  list  of  fishes  in  which  hermaphro- 
ditism is  known  to  occur,  viz.,  the  ling  (Molva  vulgaris).  As  this 
form  is  grouped  under  the  same  family,  and  closely  allied  to  the  common 
cod,  which  presents  numerous  instances  of  hermaphroditism,  it  is  hardly 
to  be  wondered  at  that  the  same  phenomenon  should  occur  in  it.  This  is 
but  another  example  which  shows  the  truth  of  the  dictum — that  the  most 
abundant  and  most  widespread  orders  are  the  most  liable  to  show  varia- 
tions. Professor  Howes  points  out,  in  his  paper  on  the  *  Hermaphrodite 
Genitalia,'  etc.  in  the  LinTiman  Soc,  Jour,,  vol  xxiii.,  that  this  phenomenon 
is  known  in  six  orders,  four  of  which  contain  the  most  widespread 
forms :  one  of  them,  indeed,  including  a  larger  number  of  fish  than  is 
included  under  all  the  other  orders  put  together. 

A  specimen  of  the  hermaphrodite  ling  (the  first  that  has  been  found 
and  recorded  up  to  this  time,  I  believe)  was  taken  oflf  Lerwick,  in  Shet- 
land, on  the  14th  May  of  this  year.  The  reproductive  organs  were 
forwarded  by  the  courtesy  of  Mr  Duthie,  assistant  fishery  officer,  and 
Professor  Mcintosh  has  kindly  handed  them  to  me  to  describe.  Certain 
particulars  with  regard  to  the  appearance  of  the  fish  were  sent  to  Professor 
Mcintosh,  from  which  one  could  gather  that  it  looked  like  a  young 
female  ling,  about  one-third  the  full  size,  with  a  head  rather  smaller  than 
is  usual.  From  this  description  it  might  be  inferred  that  the  female 
reproductive  organs  were  more  developed  than  the  male,  but  in  reality, 
as  will  be  shown,  both  were  equally  developed. 

The  reproductive  organs  are  most  remarkable,  a  good-sized  ovary  on 
each  side  being  connected  with  a  well-developed  testis,  which  is  at  least 
five  times  as  large  as  the  ovary. 

On  the  one  side,  the  right,  the  full  length  of  the  organ  is  15*4  cm., 
the  ovary  situated  at  the  posterior  end  being  4*8  cm.  long  by  3*2  in 
diameter.  The  ovary  is  barrel-shaped,  of  a  yellow  colour,  and  full 
of  ova,  most  of  them  almost  ripe,  the  largest  being  '71  mm.  The 
external  coat  is  strong,  thick,  and  fibrous,  giving  rise  internally  to  the 
leaf-like  folds  on  which  the  ova  are  borne.  These  folds,  as  is  usual  in 
the  group,  project  into  a  central  cavity  which  posteriorly  opens  into  a 
short,  wide  duct.  This  duct,  which  is  common  to  the  ovaries  on  both 
sides,  opens  to  the  exterior.  Close  to  the  posterior  end  is  a  small  piece 
of  testis,  springing  from  the  coat  of  the  ovary.  This  peculiar  position,  at 
a  distance  from  the  remaining  parts  of  the  testis,  may  be  compared  with 
a  similar  phenomenon  found  in  the  cod,  and  described  by  Mr  Masterman 
in  the  Thirteenth  Report  of  the  Fishery  Board  (1894). 

Anteriorly,  the  fibrous  covering  of  the  ovary  is  continued  over  the 
connection  to  the  multi-lobed  testis.  Over  this  it  extends  also,  but 
changes  its  colour  from  yellow  to  white.  On  the  dorsal  surface  of  the 
ovary,  and  running  along  the  duct  that  leads  from  the  testis  into  the 
ovary,  is  the  genital  artery.  The  lobes  of  the  testis  (about  sixteen  in 
number)  are  much  folded  and  convoluted,  and  are  arranged  round  the 
duct  and  blood-vessel  in  a  spiral  manner. 

The  organ  on  the  left  side  is  even  more  complicated  than  that  of  the 
right. 

The  ovary  is  situated  between  two  portions  of  the  testis,  and  the  ovary 
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itsolf  is  not  all  in  one  piece.  The  length  of  the  whole  organ  is  14-4  cm., 
the  principal  portion  of  the  ovary,  which  has  the  same  shape  and  appear- 
ance as  that  on  the  right  side,  heing  3 '4  cm.  by  2*0. 

The  other  portion  of  the  ovary  is  small,  and  separated  from  the  first 
by  connective  tissue  and  a  small  piece  of  testis.  The  difference  in  size 
of  the  ovaries  may  be  due  to  the  ova  having  partially  escaped  from  the 
left. 

Posterior  to  the  ovary  are  two  large  lobes  of  the  testis  with  smaller 
detached  portions.  The  duct  leading  from  these  opens  into  the  oviduct 
close  behind  the  ovary,  and  near  to  the  external  opening.  When  the 
organs  were  in  position,  this  posterior  testis  would  lie  in  the[middle  line 
behind  the  ovaries.  The  fibrous  coat  of  the  ovary  is  continued  over  the 
testis,  as  on  the  other  side. 

Anteriorly  from  this  coat,  but  still  on  the  ovary,  two  small  portions  of 
the  testis  arise :  the  one  simple,  the  other  having  several  lobules.  In 
front  are  seven  large  lobes,  with  numerous  lobules,  arranged  about  the 
genital  blood-vessel,  and  the  connective  tissue  round  it. 

The  left  organ  is  neither  so  long  nor  so  broad  as  the  right,  nor  are  the 
lobes  of  the  testis  so  large.  The  blood-vessels  in  each  run  from  the 
anterior  end  of  testis  to  the  dorsal  surface  of  the  ovary. 

The  duct  leading  from  the  testis  into  the  ovary  shows  the  honey- 
combed appearance  on  its  upper  and  inner  surface  mentioned  by  Professor 
Howes,  and  the  longitudinal  ridges  on  its  lower  surface  mentioned  by 
Mr  Masterman,  for  the  cod.  Across  the  opening  is  a  small  fold  of  the 
wall  of  the  ovary.  This  fold  is  '5  cm.  long,  and  springs  from  within  the 
ovary.  Opening  into  the  duct  are  the  smaller  ducts  from  the  side  lobes 
of  the  testia  There  is  thus  a  close  relation  between  the  testis  and  the 
ovary.  Whether  these  portions  of  the  testas  attached  to  the  ovary  itself 
arc|f  unctional  and  shed  their  contents  directly  into  the  cavity  of  the  ovary 
is  not  quite  clear  from  the  specimen.  There  was  no  trace  of  any  duct. 
But  there  is  no  reason  why  this  should  not  be  so,  seeing  that  the  sperms 
from  the  large  lobes  must  pass  through  the  ovary  in  any  case.  The  posi- 
tion and  structure  of  the  valve  in  the  duct  show  that  its  function  is  to 
keep  the  ova  from  passing  forward  to  the  testis,  which  otherwise  they 
might  easily  do, — not  to  keep  the  sperms  from  getting  into  the  ovary. 

The  structure  of  the  valve  is  very  much  the  same  as  that  described  by 
Howes  in  the  cod,  but  there  is  no  longitudinal  median  ridge  running 
back  into  the  duct.  This  fold  or  valve  can  be  easily  pushed  into  the 
cavity  of  the  ovary,  and  thus  the  sperms  would  get  through  the  opening 
in  it.  But  if  compressed  into  the  mouth  of  the  duct,  the  sides  of  the 
opening  will  be  pressed  together,  and  no  ova  or  sperms  will  get  through, 
certainly  no  ova. 

Masterman,  in  his  paper  on  '  Hermaphroditism  in  the  Cod,'  gives  a 
synopsis  of  the  chief  features  of  eleven  examples.  Comparing  the  ling 
with  these,  the  principal  feature  is  the  Comparatively  large  size  of  the 
testes.  In  only  one  specimen,  mentioned  by  Howes,  was  there  a  large 
testis :  in  it  the  testis  was  on  the  left  side,  and  as  large  as  the  two  ovaries 
together.  In  the  ling  the  testes  were  five  times  as  large  as  the  ovaries. 
Again,  the  testes  were  in  three  main  portions :  two  anterior  and  one  posterior. 
This  variation,  though  striking,  is  not  peculiar  to  the  ling,  because,  in  the 
specimens  of  the  cod,  the  testes  were  as  often  posterior  as  anterior,  and  in 
two  specimens  there  were  three  portions.  In  none  of  these  was  there  any 
division  of  an  ovary  into  two  portions,  as  in  the  ling.  None  of  these 
examples,  therefore,  seem  to  have  been  so  complex.  With  regard  to  the 
ducts — the  two  leading  from  the  anterior  portions  into  the  ovaries  were 
exactly  alike,  and  answered  to  the  description  given  by  Masterman  for 
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the  ducts  of  the  cod.     The  duct  from  the  posterior  portion  was  simple, 
without  any  appearance  of  a  valve  or  longitudinal  ridges. 

^Ir  H.  C.  Williamson,  M.  A.,  B.Sc.,  Science  Scholar  of  this  University, 
lias  recently  sent  a  specimen  of  the  reproductive  organs  of  Chrysophrys 
aurita  from  the  Mediterranean.  It  is  very  well  preserved,  showing  the 
ovaries  (5*7  cm.  in  length)  with  the  plate-like  testes  (3*2  cm.)  attached 
along  their  ventral  surface,  and  the  duct  opening  to  the  exterior. 


EXPLANATION  OF  LETTERS  USED  IN  DESCRIPTION  OF 
FIGURES  3-5.     Plate  VII. 

r.  0.    Right  ovary,  with  small  portion  of  testis  attached. 

0.  Oviduct :  the  two  portions  of  the  reproductive  organs  were  joined 

round  o. 
r.  t.     Right  testis. 
b.  V.    Blood-vessel. 
Z.  o.     Left  ovary,  with  small  portions  of  testis  attached. 

1.  t.     Left  testis. 

jp.  o.    Small  ovary,  posterior  to  oviduct. 

p.  t    Posterior  portion  of  testis, 

d.  Duct,  from  right  testis  leading  into  right  ovary,  showing  longi- 
tudinal ridges  on  its  lower,  and  honeycombed  appearance  on 
its  upper  surface. 

V,        Fold  or  valve  across  the  duct,  with  small  opening. 
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